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EXPERIMENT  STATION  WORK. 

Edited  by  W.  H.  Beal  and  the  Staff  of  the  Experiment  Station  Record. 


Experiment  Station  Work  is  a  Bubseries  of  brief  popular  bulletins  compiled  from  the 
published  rej)ort8  of  the  agricultural  experiment  stations  and  kindred  institutions  in 
this  and  other  countries.  The  chief  object  of  these  publications  is  to  disseminate 
throughout  the  country  information  regarding  experiments  at  the  different  experi- 
ment stations,  and  thus  to  acquaint  farmers  in  a  general  way  with  the  progress  of  agri- 
cultural investigation  on  its  practical  side.  The  results  herein  reported  should  for 
the  most  part  be  regarded  as  tentative  and  suggestive  rather  than  conclusive.  Further 
experiments  may  modify  them,  and  experience  alone  can  show  how  far  they  will  be 
useful  in  actual  practice.  The  work  of  the  stations  must  not  be  depended  upon  to 
produce  "rules  for  farming. "  How  to  apply  the  results  of  experiments  to  his  own  con- 
ditions will  ever  remain  the  problem  of  the  individual  farmer. — A.  C.  True,  Director, 
Office  of  Experiment  Stations. 
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EXPERIMENT  STATION   WORK.^ 


IMPROVEMENTS  IN  PEACH  OEOWINO.'' 

In  view  of  the  rapid  decline  in  the  peach  industry  in  New  Jersey, 
as  well  as  in  Delaware  and  Maryland,  in  recent  years,  G.  F.  Warren, 
of  the  New  Jersey  Station,  undertook  a  careful  study  of  the  factors 
contributing  to  this  condition  and  the  possible  means  of  overcoming  it. 

According  to  the  United  States  census  reports,  there  were  in  the  United  States 
53,886,000  peach  trees  in  1890,  and  99,919,000  in  1900,  showing  an  increase  of  over  85 
per  cent.  During  this  time  the  number  in  New  Jersey  decreased  from  4,414,000  in 
1890  to  2,747,000  in  1900,  a  loss  of  38  per  cent.  Only  three  States  in  the  Union  showed 
a  decrease,  New  Jersey,  Delaware,  and  Maryland;  every  other  State  increased  its  peach 
orchards.  In  1890  those  three  States  had  28  per  cent  of  all  the  peach  trees  in  the  United 
States.  In  1900  they  had  only  9  per  cent.  There  has,  in  fact,  been  a  panic  among  the 
growers. 

The  immediate  cause  of  this  condition  has  been  the  San  Jos6  scale.  But  this  has  not 
been  the  only  trouble.  As  is  usual  when  any  serious  enemy  threatens  a  crop,  all 
troubles  are  changed  to  this  pest,  Damages  from  starvation,  lack  of  tillage,  borers,  leaf- 
curl,  and  brown-rot  are  very  frequently  all  bunched  and  charged  to  the  account  of  the 
scale.     *    *    ♦ 

In  the  fieldwork  a  study  was  made  of  soils,  tillage,  fertilization,  spraying,  varieties, 
diseases,  insects,  and  other  questions. 

The  more  important  suggestions  to  growers  with  a  view  to  over- 
coming present  unfavorable  conditions  are  thus  summarized : 

First  year. — Select  a  well-drained  field,  one  that  also  has  good  air  drainage,  higher 
than  the  surrounding  land  if  possible. 

If  possible  have  the  field  some  distance  from  other  orchards. 

Lime  the  soil  before  planting,  unless  sure  that  it  is  not  needed. 

Buy  good  thrifty  trees  of  a  nurseryman  who  is  not  only  honest,  but  intelligent — one 
who  knows  the  diseases  of  the  peach,  so  that  he  will  not  bo  propagating  diseased  trees. 

Remove  the  borers,  if  there  are  any. 

Prune  to  a  whip,  or  nearly  so. 

Dip  in  lime,  sulphur,  and  salt  before  setting. 

Plant  far  enough  apart  so  that  it  will  be  easy  to  drive  through  when  spraying. 

Fertilize  well  and  plant  com  or  other  tilled  crops  between  the  trees. 

Prune  in  June,  so  as  to  start  the  formation  of  the  heads. 

Remove  the  borers  in  the  fall. 

Spray  the  next  spring. 

Subsequent  years. — Prune  every  year,  doing  some  heading-in  as  well  as  thinning  out. 

Spray  thoroughly  every  spring  before  the  buds  swell. 

Till  every  year,  beginning  early  in  the  season  and  stopping  early. 

Fertilize  liberally  with  phosphoric  acid  and  potash,  particularly  with  potash.  If 
barnyard  manure  is  used,  also  apply  muriate  of  potasli. 

Remove  the  borers  every  fall  and  again  in  the  spring. 

After  having  given  this  good  care,  promptly  remove  all  sick  trees. 

«A  progress  record  of  experimental  inquiries,  published  without  assumption  of 
responsibility  by  the  Department  for  the  correctness  of  the  facts  and  conclusions 
reported  by  the  stations. 

6  Compiled  from  New  Jersey  Stas.  Bui.  197. 

276 

(5) 


Thin  the  fruit  when  necessary. 

Grade  the  fruit  carefully.  Put  up  the  first  quality  in  a  package  that  differs  from  that 
Used  for  the  poorer  grades. 

If  the  peach  orchard  is  neglected  in  order  to  care  for  the  com  crop,  the  profits  must 
be  expected  to  come  from  the  com. 

MTJLBEREIES.» 

The  mulberry  is  but  little  cultivated  as  a  fruit  in  America.  There 
is  very  little  market  demand  for  it  and  as  a  home  table  fruit  it  is 
sweetish  and  considered  rather  insipid,  though  some  enjoy  it  as  a 
fresh  dessert  fruit.  It  has,  however,  several  valuable  features  which, 
according  to  a  recent  bulletin  by  H.  H.  Hume  and  F.  C.  Reimer,  of 
the  North  Carolina  Station,  makes  it  worthy  of  more  extended  cul- 
ture in  the  home  grounds  than  is  at  present  given  to  it 

To  begin  with,  the  fruit  will  grow  successfully  on  nearly  any  kind 
of  soil,  doing  best  probably  on  moist  sandy  loams.  The  tree  is  a 
rapid,  vigorous  grower,  requires  practically  no  culture,  makes  an  or- 
namental shade  tree,  and  some  of  the  better  varieties  will  yield  from 
10  to  12  bushels  of  fruit  per  season.  A  valuable  feature  of  the  fruit 
is  that  it  ripens  almost  continuously  over  a  period  of  two  to  four 
months  every  year.  The  fruit  is  greatly  relished  by  hogs  and  poultry. 
Birds  prefer  it  to  cherries  or  strawberries,  and  when  planted  in  the 
vicinity  of  these  fruits  it  serves  as  a  protection  to  them. 

From  the  standpoint  of  fruit  production  the  North  Carolina  Sta- 
tion recommends  the  following  varieties  for  planting  about  the  farm: 
New  American,  Black  English,  Stubbs,  and  Townsend  of  the  black- 
fruited  varieties;  and  White  English  and  White  Russian  of  the  white- 
fruited  sorts.  Of  the  New  American,  Professor  Bailey,  in  an  early 
bulletin  of  the  Cornell  Station,  states  that  it  is  the  best  sort  known 
for  the  Northern  States.  The  tree  is  a  hardy,  vigorous  grower, 
productive,  and  bears  continuously  from  late  June  untU  September. 
Large  trees  will  produce  10  bushels  of  fruit  in  a  season.  The  fruit 
varies  in  length  from  1  to  2  inches  and  is  a  glossy  black  when  ripe.  It 
is  frequently  sold  for  the  Downing,  but  is  superior  to  that  variety. 

The  Black  English  is  considered  by  Hume  and  Reimer  as  one  of 
the  most  satisfactory  varieties  for  planting  in  North  Carolina.  The 
tree  is  a  strong  upright  grower,  and  bears  a  large  amount  of  fruit  of 
medium  size  from  May  to  July.  The  flavor  is  sweetish  and  the  qual- 
ity only  fair.  The  Townsend  is  considered  by  the  same  authors  as 
the  earliest  fruiting  variety  now  grown,  ripening  in  Florida  from  the 
latter  part  of  March  through  April.  The  trees  are  very  prolific, 
fruiting  abundantly  in  the  nursery  row  one  year  from  grafting.  It  is 
of  medium  size,  1  by  i  inch,  black,  with  a  sweetish  flavor  not  differing 
from  other  mulberries. 

o  Compiled  from  New  York  Cornell  Sta.  Bui.  46;  North  Carolina  Sta.  Bui.  104. 
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The  Stubbs  is  a  wide-spreading,  vigorous,  prolific  variety.  The 
fruit  is  very  large,  varying  from  1 J  to  2  inches  in  length  and  from  J  to 
f  inch  in  diameter,  with  a  bright  deep  red  color,  becoming  black, 
subacid,  and  of  excellent  quality.  The  ripening  season  in  North 
Carolina  is  from  June  to  Auglist. 

Of  the  white-fruited  varieties  recommended  by  the  North  Carolina 
Station,  White  English  is  considered  by  far  the  best.  It  is  a  heavy 
bearer,  producing  sweet,  medium-sized  fruits  of  good  quality  from 
May  to  July.  The  White  Russian  seems  to  be  a  small,  bushy,  very 
hardy  sort,  and  quite  productive.  The  fruit  is  of  medium  size,  white, 
very  sweet,  and  of  fair  quality.     The  season  is  from  May  to  June. 

In  addition  to  the  use  of  mulberries  as  a  fruit,  the  leaves  constitute 
the  chief  food  of  the  silkworm.  In  the  West  and  Northwest  also  the 
Russian  mulberry  ( Moras  alba  var.  tartarica)  has  proved  excellently 
adapted  for  planting  in  shelter  belts  and  hedges  and  also  for  fence 
posts  and  fuel.  This  variety  is  very  hardy  against  both  cold  and 
drought  and  makes  a  splendid  growth  there.  It  is  the  species  com- 
monly used  there  as  a  stock  on  which  to  propagate  the  more  fruitful 
varieties.  The  Russian  mulberry  possesses  particular  merit  as  a 
hedge  plant  in  cold  regions  from  an  ornamental  standpoint.  There 
is  also  a  number  of  ornamental  forms  of  the  mulberry,  including 
weeping  sorts,  which  are  extensively  used  in  ornamental  plantings. 

Mulberries  are  propagated  from  seeds  or  by  grafting,  budding, 
layering,  and  cuttings.  In  propagating  the  plant  for  use  in  hedges 
or  shelter  belts  the  plants  are  grown  from  seeds,  but  for  fruit  purposes 
grafting,  cutting,  or  layering  must  be  resorted  to  in  order  to  produce 
varieties  true  to  name. 

Most  species  of  mulberries  are  easily  propagated  by  means  of  cuttings.  And  while 
the  most  satisfactory  and  most  economical  plan  is  to  use  one-year-old  branches  for  this 
work,  twigs  of  the  current  season's  growth  may  also  be  used.  Cutting  wood  may  be 
removed  from  the  trees  soon  after  the  leaves  have  dropped.  Select  well-matured, 
well-developed  one-year-old  branches  from  one-quarter  to  five-eighths  inch  in  diameter. 
Cut  these  into  pieces,  each  being  provided  with  from  three  to  six  good  buds.  In  eastern 
North  Carolina  the  cuttings  may  be  planted  immediately  after  removal  from  the  trees, 
but  in  the  colder  sections  it  is  usually  best  to  tie  them  together  in  bunches  of  twenty- 
five  and  store  them  in  damp  sand  in  a  cellar  or  pit  until  spring. 

The  cuttings  are  set  out  in  well-prepared  soil,  making  an  opening  in 
the  ground  with  a  spade,  firmly  pressing  the  soil  about  the  base  of  the 
plants,  and  covering  up  to  the  top  bud.  It  takes  longer  to  produce 
trees  by  this  method  than  by  budding  or  grafting.  Bench  grafting 
by  either  the  whip,  cleft,  or  saddle  method  is  used;  or  the  trees  may 
be  grafted  out  of  doors,  using  either  the  cleft  or  whip  method.  In  the 
South,  Multicauhs  mulberry  stem  or  root  cuttings  are  used  almost  ex- 
clusively as  stocks,  while  in  the  colder  West  and  Northwest,  Russian 
mulberry  seedlings  ate  used  as  stocks. 

In  the  orchard,  large  growing  trees  like  New  American,  White  Eng- 
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lish,  and  Black  English  should  be  planted  about  30  feet  apart,  and 
for  such  varieties  as  Stubbs  and  Hicks  35  feet  in  the  row  is  close 
enough  between  trees.  The  trees  should  be  set  out  in  the  usual  man- 
ner by  cutting  off  all  broken  and  bruised  roots,  shortening  in  the 
longer  roots  somewhat,  and  cutting  back  the  top. 
According  to  Hume  and  Reimer — 

The  mulberry  needs  little  or  no  cultivation.  When  planted  in  chicken  yards  or 
where  hogs  are  allowed  to  run  and  root,  no  extra  cultivation  need  be  given.  They  will 
thrive  in  soddy  land;  but  generally  the  trees  do  better  where  the  soil  is  stirred  or 
worked,  as  in  hog  pastures.  If  any  cultivation  is  given  it  should  be  shallow,  as  the 
roots  spread  out  near  the  surface  of  the  ground.  Deep  plowing  should  not  be  practiced. 
The  mulberry  requires  little  or  no  pruning.  But  as  the  wood  is  rather  brittle  and  the 
branches  are  easily  broken  by  sleet  storms,  the  stubs  which  are  left  should  be  cut  off 
close  up  in  the  trunk  and  the  broken  branches  cut  smoothly  off  at  the  ends. 

Wild  mulberries  have  been  used  since  the  earliest  times  in  America; 
Hariot,  in  his  Narrative  of  the  First  Plantation  of  Virginia,  which  was 
first  printed  in  1588,  mentions  that  the  Indians  used  mulberries,  crab- 
apples,  and  huckleberries,  such  as  were  known  in  England;  but  the 
mulberry  has  occupied  a  less  important  place  in  the  list  of  foods  than 
most  other  edible  native  fruits  and  berries.  The  quality  of  the  wild 
fruit  is  known  to  vary  greatly,  some  trees  yielding  berries  of  excellent 
flavor  and  appearance  while  others  produce  small  and  very  inferior 
berries.  The  fruit  of  cultivated  and  improved  varieties  of  mulberries 
is  much  superior  to  the  native  fruit,  and  has  been  long  appreciated 
though  never  common  in  the  United  States.  Old  gardens  in  Eastern 
and  Southern  States  and  New  England  often  contain  a  mulberry  tree, 
and  the  fruit  has  been  used  in  a  limited  way  for  the  table  and  for 
preserving. 

In  flavor  and  appearance,  mulberries,  particularly  the  dark  varieties, 
resemble  blackberries  more  nearly  than  they  do  any  of  the  other  com- 
mon fruits.  The  flavor  is  sweet  and  rather  aromatic,  though  not  as 
pronounced  as  that  of  the  blackberry,  and  to  some  palates  it  is  always 
accompanied  by  a  suggestion  of  the  peculiar  and  elusive  odor  noticed 
when  mulberry  leaves  are  crushed. 

The  color  of  the  dark-fruited  varieties  is  intense,  and  as  the  berries 
are  soft  and  easily  crushed  they  stain  the  fingers  or  table  linen  very 
readily. 

According  to  analytical  data  reported  some  years  ago  by  a  Ger- 
man investigator,  cultivated  mulberries  contain  84.7  per  cent  water, 
0.4  per  cent  protein,  14.3  per  cent  carbohydrates,  and  0.6  per  cent 
ash.  According  to  American  analyses,  blackberries,  on  an  average, 
contain  86.3  per  cent  water,  1.3  per  cent  protein,  1  per  cent  ether 
extract,  10.9  per  cent  carbohydrates,  and  0.5  per  cent  ash,  values 
which  in  general  are  much  like  those  quoted  for  mulberries.  In  the 
case  of  blackberries,  about  6  per  cent  of  the  total  carbohydrates  has 
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been  found  to  be  invert  sugar,  and  in  the  case  of  mulberries  about  9 
per  cent.  Of  course,  the  kind  and  amount  of  sugar  would  be  influ- 
enced very  greatly  by  the  degree  of  ripeness. 

Mulberries  can  be  used  as  a  dessert  fruit,  and  also  for  making  pies, 
puddings,  jellies,  ]anis,^etc.,  in  the  same  way  as  more  common  berries. 
The  expressed  juice  is  bottled  to  some  extent  in  Europe,  like  rasp- 
berry juice  and  other  fruit  juices,  and  mulberry  wine  is  also  made. 
The  long  fruiting  season  and  the  generous  yield  are  points  in  favor  of 
the  mulberry  for  table  use. 

ALFALPA  CULTTIKE  IN  THE  EASTERN  UNITED  STATES.- 

While  alfalfa  is  quite  generally  grown  west  of  the  Missouri  River  it 
has  not  made  similar  progress  in  the  eastern  sections  of  the  country, 
although  attempts  to  cultivate  it  were  made  a  century  ago  in  New 
York  and  other  Eastern  States.  For  many  years  the  successful  cul- 
ture of  alfalfa  was  considered  as  limited  to  the  region  west  of  the 
Mississippi  and  south  of  tlie  Minnesota-Dakota  line.  In  more  recent 
years,  however,  its  culture  has  steadily  spread  eastward  and  north- 
ward until  the  crop  is  grown  with  more  or  less  success  in  all  of  the 
Eastern  States  and  in  such  northern  latitudes  as  Minnesota,  Wiscon- 
sin, northern  New  York,  Vermont,  Ontario,  and  Quebec.  The  expe- 
rience gained  in  most  of  the  early  trials,  and  even  some  later  ones, 
was  not  as  a  rule  encouraging,  and  the  efforts  to  grow  alfalfa  were 
generally  abandoned.  Interest  in  the  crop,  however,  was  reawak- 
ened later  on,  and  during  recent  years  many  culture  tests  have  been 
conducted  by  the  eastern  experiment  stations  and  by  this  Depart- 
ment. One  of  the  principal  reasons  why  alfalfa  grows  more  success- 
fully over  extensive  regions  in  the  West  is  thought  to  be  the  greater 
uniformity  of  soil  conditions  over  larger  areas  than  in  many  of  the 
Eastern  and  especially  the  Atlantic  coast  States.  Another  reason 
is  that  the  movement  in  alfalfa  culture  in  this  country  progressed 
from  west  to  east,  and  as  the  earlier  settlers  of  the  West  located  in  the 
most  favorable  spots  the  culture  of  alfalfa  had  the  advantage  of  being 
introduced  where  it  had  the  greatest  chance  of  succeeding,  while 
in  the  more  thickly  settled  States  it  is  often  tried  under  conditions 
unfavorable  to  its  growth.  Although  the  more  or  less  general  intro- 
duction of  the  crop  in  certain  sections  has  brought  many  failures,  it 
has  also  demonstrated  that  there  are  numerous  localities,  and  often 
considerable  areas,  over  which  the  crop  may  be  grown  with  success 
in  the  East.     The  great  value  of  alfalfa  for  feeding  purposes  and  soil 

o  Compiled  from  Alabama  College  Sta.  Bui.  127;  Delaware  Sta.  Bui.  55;  Illinois  Sta. 
Bui.  76;  Indiana  Sta.  Bui.  101;  Maine  Sta.  Bui.  126;  Maryland  Sta.  Bui.  85;  Michigan 
Sta.  Bui.  225;  Mississippi  Sta.  Rpt.  1904,  p.  13;  New  Jersey  Stas.  Buls.  148,  190;  New 
York  Cornell  Sta.  Bui.  237;  Ohio  Sta.  Circ.  49;  Pennsylvania  Sta.  Bui.  79;  Vermont 
Sta.  Bui.  114;  Virginia  Sta.  Bui.  154;  Wisconain  Sta.  Bui.  121. 
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improvement  makes  it  well  worth  while  to  continue  culture  experi- 
ments for  the  purpose  of  ascertaining  imder  what  conditions  and  in 
what  localities  its  general  culture  may  be  attempted  with  promise  of 
success. 

The  wide  adaptability  of  alfalfa  and  the  possibilities  of  its  culture 
east  of  the  Mississippi  are  indicated  by  the  measure  of  success  which 
has  attended  the  more  recent  attempts  to  grow  the  crop  in  Alabama, 
Delaware,  Illinois,  Indiana,  Maine,  Maryland,  Michigan,  New  Jersey, 
New  York,  Ohio,  Pennsylvania,  South  Carolina,  Vermont,  Virginia, 
and  Wisconsin  under  a  great  variety  of  soil  and  climatic  conditions. 
The  more  important  practical  facts  brought  out  in  investigations  by 
the  experiment  stations  in  some  of  these  States  are  sununarized 
below. 

Experiments  with  alfalfa  have  been  carried  on  for  a  number  of 
years  in  Alabama  by  farmers  and  by  the  experiment  station  in  coope- 
ration with  farmers  and  with  this  Department.  Summing  up  the 
results,  J.  F.  Duggar  says  in  a  recent  bulletin  of  that  station : 

Alfalfa  is  a  perennial  leguminous  plant,  useful  for  hay,  feeding  green,  pasturage,  and 
for  soil  improvement.  In  nutritive  qualities  alfalfa  stands  in  the  front  rank,  and 
when  fed  to  farm  teams  the  ration  of  com  can  be  greatly  diminished.  On  suitable  soil 
the  yield  of  hay  exceeds  that  of  any  other  hay  plant.  On  prairie  soils  in  Alabama 
yields  of  more  than  3  tons  per  acre  were  in  two  instances  obtained  within  seven  months 
after  sowing  the  seed,  and  the  yield  continues  to  increase  for  several  years.  Farmers 
report  3  to  5  tons  per  acre  as  the  usual  yield  of  hay  per  acre  on  prairie  soil  in  Alabama, 
and  in  a  number  of  instances  these  yields  are  greatly  exceeded. 

Alfalfa  makes  an  unrivaled  hog  pasture,  and  is  also  recommended  as  a  pasture  plant 
for  horses  and  mules.  Cattle  and  sheep  sometimes  bloat  when  grazing  on  alfalfa. 
Pasturing,  especially  during  the  first  year,  injures  and  sometimes  kills  alfalfa. 

In  experiments  made  by  A.  T.  Neale,  of  the  Delaware  Station,  alfalfa 
gave  much  larger  yields  of  feed  than  crimson  clover  or  cowpeas,  even 
when  harvested  within  five  months  after  seeding.  This,  however,  is 
considered  an  unusual  result. 

The  earlier  attempts  to  grow  alfalfa  on  Illinois  soils  failed  because, 
as  C.  G.  Hopkins,  of  the  Illinois  Station,  points  out,  the  alfalfa  bac- 
teria were  generally  lacking  in  the  soils,  and  in  some  cases  lime  and 
phosphoric  acid  were  needed.  When  these  deficiencies  were  supplied 
alfalfa  has  generally  been  successfully  grown  in  the  State  on  well- 
drained  soils. 

Experiments  reported  by  A.  T.  Wiancko  and  M.  L.  Fisher,  of  the 
Indiana  Station,  show  that  a  good  stand  of  alfalfa  may  be  obtained 
with  proper  inoculation  on  almost  any  of  the  soils  of  Indiana,  but 
especially  on  the  more  open  soils. 

Experiments  in  different  parts  of  Maine,  reported  by  C.  D.  Woods 
and  J.  M.  Bartlett,  of  the  Maine  Station,  showed  such  a  low  degree  of 
success  that  ''the  station  does  not  advise  anyone  in  this  State  to  grow 
alfalfa  at  present,  except  in  an  experimental  way." 
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Summii^  up  the  results  of  observations  and  experience  during  a 
number  of  years,  W.  T.  L.  Taliaferro,  of  the  Maryland  Station,  says: 

Numerous  attempts  have  been  made  in  recent  years  to  grow  alfalfa  in  Maryland. 
For  the  most  part  these  efforts  have  been  failures,  and  the  impression  has  been  pretty 
generally  formed  that  our  soil  and  climate  are  not  adapted  to  its  growth.  Some  of  the 
efforts  have,  however,  succeeded,  enough  of  them  and  in  such  widely  separated  locali- 
ties as  to  show  clearly  that  the  successful  growing  of  alfalfa  in  this  State  is  mainly  a 
question  of  local  soil  selection.  There  is  no  doubt  that  with  more  experience  in  han- 
dling it  and  a  better  knowledge  of  the  conditions  it  requires  there  are  in  every  county 
in  Maryland  thousands  of  acres  which  might  be,  and  ultimately  will  be,  put  into  alfalfa. 

Trials  of  alfalfa  were  begun  by  the  Michigan  Station  as  early  as  1889. 
Of  this  work  C.  D.  Smith  says: 

The  station  has  distributed  alfalfa  seed  for  trial  to  over  150  farmers.  The  United 
States  Government  has  also  distributed  seed  to  many  farmers  in  the  State,  and  the 
records  of  these  plats  have  been  turned  over  to  this  station.  Of  76  reports  from  farmers 
who  have  tried  alfalfa,  32  record  absolute  failures,  due  generally  to  winterkilling;  24 
record  partial  success  for  a  single  year;  16  record  success  for  two  or  more  consecutive 
years. 

The  principal  cause  of  failure  is  winterkilling.  Whether  varieties 
sufficiently  hardy  to  generally  withstand  the  severe  winters  of  the 
State  can  be  found  is  yet  to  be  determined,  according  to  Professor 
Smith. 

E.  R.  Lloyd,  of  the  Mississippi  Station,  reports  that  2  acres  of 
alfalfa  at  that  station  pastured  14  pigs  two  months  and  gave  6,541 
pounds  of  hay. 

In  a  bulletin  of  the  New  Jersey  stations  G.  A.  Billings  makes  the 
following  statement: 

A  few  years  ago  it  was  supposed  that  alfalfa  was  a  plant  which  could  be  successfully 
grown  only  by  irrigation.  We  find  to-day,  however,  that  it  can  be  grown  on  varying 
conditions  of  soil  and  climate,  from  the  bottom  lands  of  the  Bed  Biver  in  Louisiana 
and  the  Yazoo  delta  of  the  Mississippi  in  the  South,  to  Minnesota,  Wisconsin,  New 
York — even  as  far  north  as  Ottawa  and  southern  Quebec,  and  from  the  Atlantic  to  the 
Pacific  oceans.  ♦  ♦  *  A  five  years*  experiment  at  this  station  gave  an  average 
yield  of  19.32  tons  of  green  forage  per  acre.  The  largest  yield,  namely,  26.6  tons,  was 
grown  the  third  year.  Beports  from  different  parts  of  this  State  indicate  that  farmers 
are  following  the  suggestions  of  this  station,  and  are  successfully  growing  the  crop. 
The  acreage  is  rapidly  increasing,  and  the  stand  on  newly  seeded  fields  is  excellent. 

The  New  Jersey  Station  experiments  show  that  on  account  of  its 
large  yield  and  high  nutritive  value,  especially  protein  content,  alfalfa 
may  be  profitably  used  to  partly  replace  purchased  concentrated  feeds 
in  rations  for  farm  animals.^ 

The  New  York  Cornell  Experiment  Station  has  experimented  with 
alfalfa  on  the  college  farm  at  Ithaca  and  in  cooperative  trials  through- 
out the  State  and  has  secured  results  affording  suggestions  helpful  to 
Eastern  alfalfa  growers. 

During  the  winter  of  1903-4,  which  was  unusually  severe,  consider- 

aU.  S.  Dept.  Agr.,  Farmers'  Bui.  251,  p.  26. 

flVI 


12 

able  damage  was  sustained  by  the  alfalfa  fields  of  New  York.  Of  86 
responses  to  a  circular  of  inquiry  sent  out  by  the  station  67  reported 
damages  to  the  crop  during  the  winter.  The  replies  further  indicate 
that  alfalfa  was  grown  on  a  wide  range  of  soils,  including  those  with 
heavy  clay  and  hardpan  subsoils.  Good  success  was  reported  in  a 
number  of  cases  on  fields  with  heavy  subsoil,  but  it  was  observed  that 
the  fields  in  which  the  losses  were  reported  as  considerable  all  had 
heavy  clay  or  hardpan  subsoil,  the  heaviest  losses  being  sustained  on 
the  soils  with  the  heaviest  subsoils,  while  the  fields  from  which  little  or 
no  damage  was  reported  nearly  all  had  porous  subsoils.  Only  one  of  the 
fields  reporting  no  injury  had  a  hardpan  subsoil.  From  the  results 
of  this  inquiry  it  is  concluded  that  while  alfalfa  does  succeed  in  some 
instances  on  lands  with  more  or  less  impervious  subsoDs  it  is  much  more 
likely  to  be  injured  by  severe  winter  seasons  than  on  lands  underlaid 
with  subsoils  of  a  greater  porosity.  The  failures  of  the  first  attempts 
with  the  crop  are  attributed  to  its  growth  upon  lands  unsuited  to  its 
culture  and  to  improper  management  due  to  inexperience  in  han- 
dling it. 

The  results  secured  in  1904  and  1905  corroborated  the  conclusions 
of  the  previous  year  by  emphasizing  the  importance  of  suitable  soils, 
their  thorough  preparation,  their  adequate  fertility,  their  freedom 
from  weeds,  the  use  of  good  pure  seed,  the  application  of  lime  in  most 
caces,  and  inoculation  with  the  proper  nitrogen-gathering  bacteria. 

C.  G.  Williams,  of  the  Ohio  Station,  states  that,  while  the  acreage 
devoted  to  alfalfa  in  Ohio  is  not  large,  it  is  increasing  quite  rapidly. 
He  believes  that  the  culture  of  alfalfa  '  'may  be  imdertaken  with  rea- 
sonable hope  of  success  upon  almost  any  well-drained  limestone  soil  in 
the  State.  Its  success  upon  otlier  soils  is  not  as  well  assured,  although 
the  indications  are  that  with  proper  treatment,  including  a  liberal 
application  of  lime,  it  can  be  made  to  do  fairly  well  in  most  sections. 

''Drainage,  either  natural  or  artificial,  is  the  first  essential.  An 
excess  of  water  in  the  soil  is  fatal  to  alfalfa.  While  it  will  stand  an 
overflow  of  several  days'  duration  at  certain  seasons  of  the  year,  it  will 
not  thrive  upon  land  where  the  water-level  is  close  to  the  surface,  or 
where  water  does  not  drain  off  rapidly. '^ 

G.  C.  Watson,  of  the  Pennsylvania  Station,  reports  varying  degrees 
of  success  in  attempts  to  grow  alfalfa  in  that  State  during  the  last  six 
or  eight  years,  but  states  that  many  of  the  trials  were  made  under 
conditions  not  well  suited  to  the  growth  of  the  crop.  '  'Under  favor- 
able conditions  alfalfa  yields  a  most  satisfactory  crop  for  soiling  and 
for  hay.'' 

In  56  trials  in  different  parts  of  Vermont  reported  by  J.  L.  Hills  and 
L.  R.  Jones,  of  the  Vermont  Station,  12  were  classed  as  permanent  suc- 
cesses, the  rest  as  failures  or  temporary  or  partial  successes.  The 
larger  proportion  of  the  successful  trials  occurred  in  the  Champlain 
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Valley,  where  soil  (limestone)  and  climatic  conditions  are  more  favor- 
able than  elsewhere. 

In  a  recent  bulletin  of  the  Virginia  Station,  by  A.  M.  Soule  and 
Meade  Ferguson,  it  is  stated  that '  'alfalfa  is  being  grown  with  success 
in  various  parts  of  Virginia,  and  the  indications  are  that  it  will  do  well 
in  humid  climates  providing  the  soil  is  brought  into  suitable  con- 
ditions for  its  growth.'^ 

A  bulletin  of  the  Wisconsin  Station,  by  R.  A.  Moore  and  others, 
states  that  "alfalfa  can  be  grown  successfully  under  proper  condi- 
tions in  all  counties  of  Wisconsin.  *  *  *  No  forage  plant  has  so 
preeminently  come  to  the  front  in  the  State  during  the  past  five 
years  as  has  alfalfa.'^  In  experiments  at  the  Wisconsin  Station 
alfalfa  gave  much  larger  yields  and  more  protein  per  acre  than  clover, 
timothy,  or  brome  grass. 

The  essentials  of  successful  alfalfa  culture  in  the  Eastern  United 
States  are  here  briefly  summarized  from  the  station  publications 
above  referred  to.  Deep  well-drained  soils  with  porous  subsoils  are 
best  suited  to  alfalfa.  Observations  made  by  the  New  York  Cornell 
Station  indicate  that  the  upland  stony  and  shaly  loam  soils  in  the 
northern  two-thirds  of  the  State  are  better  suited  to  alfalfa  than  the 
soils  in  the  southern  third,  which  are  generally  compact  shaly  silt  and 
clay  loams  with  a  dense  subsoil.  Good  yields  of  alfalfa  have  also  been 
secured  on  gravels  and  gravelly  loams.  The  soil  should  be  well  sup- 
plied with  lime  (although  applications  of  this  substance  have  not 
always  proved  beneficial),  as  well  as  with  potasn  and  phosphoric  acid, 
and  if  it  is  not  well  inoculated  there  should  also  be  an  abundance  of 
readily  available  nitrogen  present.  The  soil  may  be  inoculated  (1)  by 
means  of  infected  soil,  or  (2)  by  th^  use  of  pure  cultures  of  the  nitro- 
gen-fixing organisms.  In  the  first  method  soil  from  a  field  in  which 
alfalfa  has  grown  and  produced  abundant  root  tubercles  is  scattered 
over  the  field  at  the  rate  of  100  pounds  per  acre,  just  before  the  seed- 
ing. The  second  method  is  fully  described  in  a  Farmers'  Bulletin  of 
this  Department.**  In  experiments  made  by  the  New  York  Cornell 
Station  the  fibrst  method  was  almost  imiformly  successful,  leading  to 
the  conclusion  "  that  this  method  of  inoculation  when  needed  will  not 
fail  of  giving  results  unless  the  soil  is  in  such  condition  that  the 
bacteria  can  not  five  in  it." 

It  is  absolutely  essential  that  the  young  plants  especially  should 
have  the  most  favorable  conditions  possible  for  growth,  for  as  G.  A. 
Billings  of  the  New  Jersey  Station  says : 

The  young  alfalfa  plant  is  one  of  the  weakest  among  farm  crops,  grows  slowly,  is  easily 
checked  or  killed  by  weeds,  or  by  unfavorable  conditions  of  the  soil,  weather,  or  treat- 
ment. The  seed  bed  is  therefore  of  prime  importance,  and  the  greatest  care  must  be 
taken  to  give  the  young  plants  plenty  of  available  plant  food  and  best  soil  conditions 
for  the  first  year  of  their  growth. 

«U.  S.  Dept.  Agr.,  Farmers*  Bui.  239. 
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The  treatment  of  the  field  for  the  season  preceding  should  be  such  as  to  effectually 
subdue  all  weeds,  and  cause  the  sprouting  and  destruction  of  weed  seeds  in  the  soil. 
Care  should  be  taken  not  to  introduce  them  with  manure.  Apply  nianure,  therefore, 
on  the  previously  tilled  crop  or  after  the  alfalfa  crop  is  established. 

The  soil  should  be  thoroughly  prepared — this  is  important — to  secure  a  good  stand. 
For  spring  planting,  it  is  preferable  to  plow  in  the  fall.  If,  however,  alfalfa  is  to  be 
planted  on  land  freshly  plowed,  the  surface  should  be  firmed  with  a  roller,  then  fined 
to  a  depth  of  3  inches  to  prevent  loss  of  moisture.  Provided  the  surface  is  kept 
pulverized,  the  longer  the  seeding  is  delayed  after  plowing  the  better,  and  many  fail- 
ures may  be  due  to  careless  work  at  this  time. 

Summer  or  fall  seeding  following  thorough  tillage  often  proves  pref- 
erable to  spring  seeding,  which  is  more  likely  to  be  choked  out  by 
weeds.  Somewhat  heavier  seeding  (20  to  30  pounds  per  acre)  than 
is  common  in  the  West  has  generally  been  found  preferable  for  the 
Eastern  States.  Liberal  applications  of  barnyard  manure  are  espe- 
cially beneficial  to  alfalfa. 

With  early  seeding  on  very  weedy  land  it  may  be  beneficial  to  seed 
with  a  nurse  crop;  with  late  seeding  the  nuise  crop  may  be  omitted. 

OAT  CTTLTTIRE  IN  THE  SOTITH.^ 

It  is  generally  believed  that  the  culture  of  oats  is  not  so  well 
adapted  to  the  Southern  States  as  to  more  northern  latitudes.  In 
most  of  the  Southern  States  the  average  yield  of  the  crop  ranges  from 
12  to  25  bushels  per  acre,  while  the  average  yield  for  the  entire  coun- 
try for  1905  was  34  bushels,  and  the  average  yield  in  many  Northern 
States  is  from  30  to  40  bushels  and  even  more  per  acre.  The  total 
yield  and  acreage  is  also  largely  in  favor  of  the  North. 

R.  J.  Redding,  of  the  Georgia  Station,  points  out  that  the  poor 
results  with  oats  in  the  South  are  due  to  a  large  extent  to  poorly 
selected  seed  and  careless  methods  of  culture,  but  that  one  of  the 
main  reasons  for  its  limited  culture  in  that  region  'Ms  the  alleged 
uncertainty  of  the  oat  crop,  because  of  the  danger  of  winterkilling, 
if  the  seeding  is  done  in  the  fall,  and  the  liability  to  rust  or  injury 
from  drought,  if  sown  in  the  spring."  He,  however,  gives  it  as  his 
opinion,  *Hhat  under  proper  conditions,  most  of  which  are  under 
our  control,  or  subject  to  modifying  precautions,  the  oat  crop  can 
be  made  a  more  certain  crop  than  corn. " 

Experiments  made  by  several  Southern  experiment  stations  have 
shown  that  at  least  much  better  results  with  oats  than  those  indi- 
cated by  the  crop  statistics  can  be  secured  in  many  localities.  Experi- 
ments extending  over  a  period  of  ten  years  have  recently  been  sum- 
marized by  J.  F.  Duggar  in  a  bulletin  of  the  Alabama  Station,  and 
the  results  obtained   are  here  briefly  reviewed  to  show  by  what 

a  Compiled  from  Alabama  College  Sta.  Bui.  137;  Alabama  Tuskogoo  Sta.  Bui.  8; 
Arkansas  Sta.  Bui.  66;  Georgia  Sta.  Bui.  44;  Louisiana  Stas.  Bui.  72;-  South  Carolina 
Sta.  Bui  103. 
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methods  an  improvemeiit  in  yield  may  be  effected  and  the  culture 
of  the  crop  generally  advanced. 

In  1905  Alabama  produced  3,165,574  bushels  of  oats  on  191,853 
acres,  the  average  yield  per  acre  being  16.5  bushels.  Professor 
Duggar  urges  an  increase  in  the  acreage  devoted  to  the  crop  and 
believes  that  the  average  yield  may  be  more  than  doubled  at  slight 
expense  by  employing  the  proper  methods.  The  different  factors 
entering  into  the  problem  are  time  and  manner  of  sowing,  varieties 
to  be  grown,  and  the  fertilizers  to  be  used  together  with  the  methods 
of  their  application. 

It  is  pointed  out  that  among  the  numerous  varieties  of  oats,  com- 
paratively very  few  have  shown  themselves  well  adapted  to  the 
Gulf  States,  the  standard  southern  varieties  being  Red  Rust-Proof, 
Appier,  Culberson,  Burt,  and  Turf  or  Gray  Winter.  The  last-men- 
tioned variety  is  also  known  as  Virginia  Gray.  In  tests  conducted 
at  the  station.  Red  Rust-Proof,  also  known  as  Texas  Rust-Proof, 
and  regarded  as  the  standard  variety  for  the  Gulf  States,  gave  the 
best  general  results.  Appier,  a  selection  from  Red  Rust-Proof,  in  three 
tests  yielded  6  per  cent  more  grain  than  the  parent  variety,  and 
Culberson,  also  apparently  a  strain  of  Red  Rust-Proof,  ranked  equal 
to  its  parent  in  merit.  Turf,  or  Gray  Winter,  gave  an  average  of 
only  59  per  cent  as  much  grain  as  Red  Rust-Proof  when  sown  as 
late  as  November  and  apparently  did  not  equal  this  variety  when 
sown  in  its  regular  season  in  September  or  October.  Turf  oats  sown 
in  the  spring  was  an  entire  failure.  While  Turf  oats  is  hardier  than 
Red  Rust-Proof,  it  is  not  considered  preferable  for  fall  sowing,  where 
the  Red  Rust-Proof  ordinarily  succeeds.  Burt  and  May  (apparently 
the  same  variety)  when  fall  sown  and  after  passing  through  a  mild 
winter  produced  89  per  cent  as  much  grain  as  Red  Rust-Proof  and 
93  per  cent  as  much  when  both  varieties  were  sown  in  the  spring. 
Burt  is  a  spring  variety  and  is  seldom  sown  in  the  fall.  During  the 
past  eleven  years  Red  Rust-Proof  grown  at  the  station  was  prac- 
tically all  winterkilled  but  once,  while  after  other  trying  seasons  fair 
yields  were  obtained,  although  the  stand  of  the  crop  had  been  reduced. 

In  experiments  by  C.  L.  Newman,  of  the  Arkansas  Station, ''  three 
varieties  of  fall-sown  oats  gave  an  increased  yield  of  75.2  per  cent 
over  twenty  varieties  of  spring-sown  oats.  Culberson  and  Virginia 
Gray  (Winter  Turf)  oats  gave  highest  yield  from  fall  sowing  and  aver- 
aged over  40  bushels  per  acre.  The  varieties  giving  best  returns 
from  spring  sowing  were  Burt,  Clydesdale,  Culberson,  Negro  Wonder, 
Rust-Proof,  Virginia  Gray  (or  Winter  Turf),  and  White  Maine,  all  of 
which  gave  an  average  yield  of  more  than  30  bushels  per  acre.*' 

The  general  outcome  of  a  series  of  experiments  by  the  Alabama 
Station  bearing  on  the  time  and  manner  of  sowing  confirm  the 
rasults  of  similar  experiments  by  the  Georgia  Station,  and  was  that 
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fall  sowing  gave  much  better  returns  as  regards  winterkilling  than 
spring  lowing.  The  results  obtained  in  experiments  during  seven 
different  years  show  that  red  Rust-Proof  sown  in  November  gave  an 
average  increase  in  yield  of  11.3  bushels  per  acre  over  crops  of  the 
same  variety  sown  in  February.  This  represents  a. profit  of  $5.65 
per  acre,  or  an  increase  of  73  per  cent,  due  to  fall  sowing.  In  these 
experiments  the  average  date  of  fall  sowing  was  November  17,  but 
other  tests  have  shown  that  this  is  too  late  for  maximum  yields,  and 
that  sowing  in  October  is  likely  to  give  larger  yields  and  to  produce 
hardier  plants.  October  sowing  is  recommended,  although  it  is 
believed  that  satisfactory  yields  may  be  secured  by  sowing  on  any 
date  from  September  1  to  November  15.  Sowing  in  October  has  the 
advantage  of  enabling  the  plant  to  develop  a  strong  root  system  before 
winter  sets  in,  and  thus  making  it  better  able  to  withstand  severe 
weather.  The  advantages  of  fall  sowing  are  enumerated  as  follows: 
(1)  A  much  larger  yield,  even  after  deducting  the  losses  from  partial 
winterkilling;  (2)  the  utilization  of  poorer  land  by  the  fall-sown  crop; 
(3)  the  employment  of  teams  at  a  time  when  they  are  not  needed  in 
preparation  of  land  for  cotton  or  corn,  and  (4)  earlier  maturity  of  fall- 
sown  oats,  permitting  the  use  of  the  crop  and  the  use  of  the  land  at 
least  two  weeks  earlier  than  when  oats  are  sown  after  Christmas.  The 
first  few  days  of  February  are  considered  best  for  spring  sowing  in  the 
latitude  of  the  Arkansas  Station.  Deep  plowing  and  thorough 
preparation  of  the  seed  bed  are  especially  urged  by  this  station  among 
others. 

The  method  of  sowing  oats  found  by  the  Alabama  Station  to  be 
highly  satisfactory  and  most  effective  in  reducing  or  preventing 
winterkilling  is  much  the  same  as  that  recommended  by  R.  J.  Redding, 
of  the  Georgia  Station,  several  years  ago,  and  consists  in  opening  deep 
furrows  18  to  24  inches  apart  and  drilling  the  seed  and  fertilizer  in  the 
bottom  of  these  furrows,  barely  covering  the  seed  with  the  earth 
falling  into  the  furrow  as  the  one-horse  planter  and  fertilizer  distribu- 
tor passes  along.  The  primary  object  of  the  method  is  to  prevent  the 
yoimg  plants  from  being  heaved  by  alternate  freezing  and  thawing. 
As  Director  Redding  states  in  a  bulletin  of  the  Georgia  Station — 

The  plants  come  up  1 J  to  2  inches  below  the  general  surface,  and  the  '*  crown'  *  of  each 
plant  is  formed  and  established ,  say,  2  to  2i  inches  below  the  general  surface.  The  win- 
ter rains,  light  freezes,  and  thaws  gradually  but  only  partly  fill  in  the  open  furrow, 
and  the  more  vital  and  sensitive  parts  of  the  plants  are  left  at  the  original  depth,  below 
the  reach  of  even  very  severe  freezes. 

For  four  years  the  Alabama  Station  compared  this  method  with 
broadcasting,  and  also  with  a  modification  consisting  in  nearly  or  quite 
filling  the  deep  furrows  after  sowing,  with  results  generally  favoring 
seeding  in  partly  filled  furrows. 

For  well-drained  soils  there  are  decided  advantages  in  drilling  fall-sown  oats  in  deep 
furrows,  especially  when  the  winter  proves  severe.     It  is  advisable,  where  practicable, 
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to  nm  the  rows  perpendicular  to  the  line  of  the  coldest  winds,  which  would  give  the 
rows  a  direction  from  southeast  to  northwest,  or  east  and  west. 

These  recommendations  are  in  accord  with  Director  Redding's 
results^  from  which  he  concludes  "that  the  ideal  direction  would  be 
northeast  and  southwest,  in  order  to  protect  the  plants,  by  means  of 
the  wall  of  earth,  against  the  northwest  wind." 

On  fields  in  which  the  young  plants  had  been  heaved  by  alternate 
freezing  and  thawing  the  Alabama  Station  secured  good  results  by 
using  the  land  roller  when  the  soil  was  in  proper  condition  and  not  too 
wet.  The  purpose  of  this  treatment  is  to  press  the  exposed  crowns 
of  the  heaved  plants  back  into  the  soil  in  order  to  facilitate  the  forma- 
tion of  new  roots  and  the  continuance  of  growth. 

Fertihzer  tests  conducted  by  a  number  of  experiment  stations  have 
shown  that  nitrogenous  fertilizers,  particularly  nitrate  of  soda,  are 
especially  effective  on  oats.  The  Alabama  Station  found  such  ferti- 
lizers more  profitable  than  phosphate  or  potash  on  the  sandy  and 
loamy  soils  of  that  region,  but  it  is  recommended  that  on  such  soils 
at  least  100  pounds  of  phosphate  per  acre  be  applied  at  the  time  of 
sowing  oats.  It  was  further  shown  that  nitrate  of  soda  was  more 
effective  than  cotton-seed  meal  and  the  latter  than  cotton  seed.  The 
Georgia  Station  found  that  ''cotton-seed  meal  is  an  excellent  ferti- 
lizer for  oats  on  ordinary  old  lands,''  but  that  top-dressings  of  nitrate 
are  advisable.  Professor  Duggar  advises  that  where  cotton  seed  or 
cotton-seed  meal  is  used,  the  appUcation  be  made  at  the  time  of  sowing, 
but  that  nitrate  of  soda  at  the  rate  of  60  to  100  poimds  per  acre  be 
given  as  a  top-dressing  in  March  after  growth  has  begim.  Barnyard 
maniu^  greatly  increased  the  yield  of  oats  in  the  Alabama  experiments, 
and  also  exerted  an  influence  on  the  following  crop:  In  one  experi- 
ment 43.1  pounds  of  nitrate  of  soda  and  103  pounds  of  acid  phosphate, 
representing  a  total  cost  of  $1.93,  were  required  to  produce  the  same 
increase  as  1  ton  of  fine,  fresh,  unleached  horse  manure.  As  shown 
in  13  tests  with  nitrate  of  soda,  the  yield  and  total  profit  per  acre 
increased  with  the  quantity  applied  up  to  200  poimds  per  acre.  The 
cost  of  nitrate  of  soda  required  to  produce  1  additional  bushel  of 
oats  was  14.5  cents  from  the  use  of  63  pounds  per  acre,  17.7  cents 
from  the  use  of  100  pounds,  and  21.1  cents  from  the  use  of  200  pounds. 
The  smallest  application  gave  a  profit  over  the  cost  of  fertilizer  of 
249  per  cent;  the  application  of  100  pounds,  a  profit  of  206  per  cent 
on  the  cost  of  the  fertihzer;  and  the  application  of  200  poimds,  a  net 
profit  of  140  per  cent — the  money  profits  per  acre  being  $4.73,  $6.19, 
and  $8.40  for  the  3  appUcations,  respectively. 

No  nitrogen  need  be  purchased  for  oats,  provided  the  oats  be  sown  after  a  crop  of  cow- 
peafl,  velvet  beans,  peanuts,  or  soy  beans,  all  of  which  crops,  whether  only  the  stubble 
or  the  entire  growth  was  plowed  under  for  fertilizer,  afforded  an  increase  in  the  suc- 
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ceeding  oat  crop  of  from  6.2  to  33.6  buRhels  per  acre.  From  5  to  15  bushels  increase  in 
the  succeeding  oat  crop  is  considered  an  average  result  of  the  use  of  the  stubble  or  vines 
of  leguminous  crops  employed  as  fertilizer. 

The  station  was  successful  in  preventing  smut  in  the  crop  by  soak- 
ing the  seed  in  a  mixture  made  up  in  the  proportion  of  1  ounce  of 
formalin  to  3  gallons  of  water. 

The  work  of  the  experiment  stations  referred  to  would  seem  to 
demonstrate  that  oats  could  be  grown  to  greater  extent  Mrith  profit 
in  the  South,  provided,  as  Professor  Duggar  says,  "  farmers  will 
make  the  two  following  innovations  in  the  usual  method  of  caring  for 
the  crop:  (1)  Sowing  in  the  early  or  middle  fall,  (2)  applying  nitrate 
of  soda  as  a  top-dressing  in  March,  or  sowing  on  land  where  a  soil- 
improving  crop,  like  cowpeas,  has  recently  grown.*'  The  certainty 
and  profit  of  the  crop  will  be  still  further  increased  by  more  attention 
to  selection  of  varieties  and  seed,  thorough  preparation  of  land, 
methods  of  seeding,  and  protection  from  smut. 

IMPEOVEMENT  OF  GEASS  LAND.^ 

.  In  a  bulletin  of  the  West  Virginia  Station,  J.  H.  Stewart  and  Horace 
At  wood  report  trials  of  a  system  of  manuring  by  which  ''an  unfertile 
upland  meadow  was  made  to  produce  an  average  yield  for  six  years  of 
more  than  three  tons  of  hay  per  acre,  the  yields  gradually  increasing 
from  a  little  more  than  IJ  tons  per  acre  the  first  year  to  a  maximum  of 
more  than  5i  tons  of  hay  per  acre  the  last  year.'  * 

The  field  used  in  this  experiment  has  been  used  for  the  productioti  of  various  crops 
from  the  time  when  this  section  of  the  country  was  first  settled,  and  as  no  commercial 
fertilizer,  and  only  a  very  limited  amount  of  stable  manure,  had  been  applied  to  it,  the 
readily  available  fertility  of  the  soil  had  been  nearly  exhausted. 

For  the  first  year's  experiment  manure  was  applied  during  the  pre- 
ceding winter  (1899-1900)  to  two-thirds  of  the  field  at  the  rate  of 
twenty-five  loads  per  acre. 

The  manure  was  obtained  from  livery  stables  in  Morgantown  and  was  spread  on  the 
meadow  directly  from  the  wagon.  Just  before  the  grass  began  to  grow  in  the  spring, 
the  stable  manure  plat  was  thoroughly  harrowed  with  a  smoothing  harrow  so  as  to  break 
all  the  lumps  and  distribute  the  manure  uniformly  over  the  surface  of  the  ground. 
The  remaining  third  of  the  field  received  an  application  of  200  pounds  of  sodium  nitrate 
per  acre,  applied  with  a  grain  drill  in  the  latter  part  of  April. 

The  manure  cost  50  cents  per  load  at  the  stables,  and  about  $1  per  load  when  spread 
upon  the  field.     The  sodium  nitrate  cost  $45  per  ton.     *    *    * 

Early  in  the  autumn  of  1900  the  entire  meadow  received  an  application  of  400  pounds 
per  acre  of  acid  phosphate.  In  the  winter  the  stable  manure  plat  received  a  further 
dressing  of  twelve  loads  per  acre  of  manure,  while  early  in  May  the  commercial-ferti- 
lizer plat  received  a  dressing  of  125  pounds  of  sodium  nitrate,  125  pounds  of  acid  phos- 
phate, and  72  pounds  of  potassium  sulphate  per  acre.    *    *    * 

The  third  year  of  the  test  the  stable-manure  plat  received  an  application  of  ten  loads 
of  manure  per  acre.     It  was  harrowed  thoroughly  in  March  and  then  rolled.     The  fer- 
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tiliKer  'was  applied  to  the  commercial-fertilizer  plat  April  19,  at  the  rate  of  110  pounds 
of  acid  phosphate,  80  pounds  of  sodium  nitrate,  and  40  pounds  of  potassium  sulphate 
per  acre.    *    *    * 

The  fourth  year  of  the  test  the  stable-manure  plat  received  a  dressing  of  twenty 
loads  per  acre  of  manure  applied  in  October  and  November.  As  in  former  years,  this 
plat  was  harrowed  thoroughly  in  the  spring  and  rolled.  The  commercial  fertilizer  was 
applied  to  the  other  plat  at  the  rate  of  400  pounds  of  sodium  nitrate,  800  pounds  of  acid 
phosphate,  and  150  pounds  of  potassium  sulphate  per  acre.  This  was  applied  as  a  top- 
dressing  April  20.    *    ♦    * 

The  fifth  year  of  the  test  both  plats  received  the  same  kind  and  amount  of  fertilizer 
as  in  the  preceding  year.  The  commercial  fertilizer  was  applied  April  11 ,  and  the  star 
ble  manure  during  the  fall  and  winter  of  1903-4.    «    *    * 

The  sixth  year  of  the  test  the  stable-manure  plat  received  a  dressing  of  fifteen  loads 
of  manure  per  acre  applied  in  the  autumn  of  1904.  As  in  previous  years,  this  plat  was 
thoroughly  harrowed  in  the  spring.  The  commercial-fertilizer  plat  was  fertilized 
the  same  as  the  year  before,  namely,  at  the  rate  of  400  pounds  of  sodium  nitrate,  800 
pounds  of  acid  phosphate,  and  150  pounds  of  potassium  sulphate  per  acre.  This 
mixture  was  applied  with  a  grain  drill,  April  21,  1905. 

The  grass  grown  was  mainly  timothy,  and  the  hay  crops  were  sold 
at  prices  ranging  from  $12  to  $16  per  ton,  averaging  nearly  $15  for  the 
whole  period  of  the  experiments.  The  results  for  the  six  years  are 
summarized  in  the  following  table: 


Results  of  6  years*  experiments  in  manuring  a 

meadow. 

Year. 

Yield  of  hay  per 
acre  on  plat  ler- 
tUized  with— 

Value  of  hay  per 
acre  on  plat  fer- 
tilized with— 

Cost  of  fertilizer 
per  acre  on  plat 
fertUized  with— 

Value  of  crop  less 
cost  of  fertilizer 
per  acre  on  plat 
fertUized  with— 

Stable 
manure. 

Com- 
mercial 
fertilizer. 

Stoble 
manure. 

Com- 
mercial 
ferti- 
lizer. 

Stable 
manure. 

Com- 
mercial 
ferti- 
lizer. 

Stable 
manure. 

Com- 
mercial 
ferti- 
lizer. 

1900 

Pounds. 
3,775 
7,219 
7,961 
7,411 
10,588 
11.315 

Pounds. 
3,232 
6,095 
6,602 
7,312 
8.088 
7,955 

128.31 
54.14 
68.08 
65.56 
76.79 
80.68 

124.24 
45.71 
41.59 
57.01 
60.66 
59.16 

125.00 
14.70 
10  00 
20.00 
20.00 
15.00 

»4.50 
8.15 
3.49 
18.15 
18.15 
18.15 

$3.31 
39.44 
48.08 
35.56 
56.79 
65.68 

$19. 74 

1901 

37.56 

1902 

38.10 

1903 

38.86 

1904 

42  61 

1905 

41.01 

Averages  . 

8.044 

6,380 

58.92 

48.06 

17.45 

11.76 

41.47 

30.29 

The  stable-manure  plat  gave  an  average  yield  of  1,664  pounds  of  hay  per  acre  more 
than  the  commercial-lertilizer  plat;  yet  on  account  of  the  extra  cost  of  the  manure  as 
compared  with  the  commercial  fertilizer,  the  value  of  the  crop,  less  the  cost  of  the  fer- 
tilizer, was  only  $5.18  larger  per  year.  jJowever,  under  ordinary  farm  conditions, 
the  cost  of  a  two-horse  load  of  manure  spread  upon  the  land  is  far  lets  than  $1  per  load, 
80  in  reality  the  difference  in  profit  is  considerably  larger  than  is  shown  by  the  table. 
In  addition  to  this  difference  the  stable-manure  plat  is  in  a  far  better  condition,  agri- 
culturally, at  the  end  of  the  sixth  year  than  the  commercial -fertilizer  plat.  The  soil 
of  the  former  is  full  of  decomposing  vegetable  matter,  and  is  soft  and  yielding  to  the 
tread,  while  the  soil  of  the  commercial-fertilizer  plat  is  hard  and  compact.  The  open 
and  jxjrous  soil  of  the  stable-manure  plat  enables  this  soil  to  store  up  more  moisture, 
80  that  a  crop  growing  thereon  would  be  less  likely  to  be  injured  by  drought  than  is  the 
case  in  the  other  instance. 

However,  both  systems  of  manuring  were  highly  profitable  and 
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show  that  ^' large  crops  of  grass  can  be  grown  upon  soils  of  this  class, 
provided  sufficient  plant  food  is  supplied  for  the  needs  of  the  crop." 

Incidentally,  it  was  observed  that  stable  manure  *' applied  to 
meadow  land  in  the  fall  and  thoroughly  harrowed  in  the  spring 
becomes  so  disintegrated  and  incorporated  with  the  surface  of  the 
soil  that  it  is  not  raked  up  with  the  hay  when  the  hay  is  harvested." 

SUCCOTASH  AS  A  SOILING  CEOP.'' 

This  term,  originally  applied  by  the  North  American  Indians  to  a 
mixture  of  green  com  and  beans  prepared  for  human  food,  has^in 
recent  years  come  to  be  used  also  to  denote  mixtures  of  some  legu- 
minous crops,  such  as  peas  or  beans  with  com  and  one  or  more  other 
cereals  grown  as  soiling  crops. 

In  view  of  the  fact  that  numerous  mixtures  of  this  kind  have  been 
tried  in  different  parts  of  the  country  with  varying  success,  R.  S. 
Shaw,  of  the  Michigan  Station,  has  made  a  series  of  experiments  to 
determine  the  most  satisfactory  rotation  of  mixed  soiling  crops  for 
swine  and  one  which  would  cover  the  greatest  possible  portion  of  the 
year. 

The  first  mixture,  grown  in  1903,  consisted  of  corn,  peas,  oats,  and  barley.  Though 
this  combination  produced  a  large  tonnage  of  green  food,  it  made  but  one  crop  in  the 
season,  as  all  of  the  plants  in  the  mixture  failed  to  make  a  second  growth  after  having 
been  cut  or  grazed  off.  With  the  object  of  securing  a  second  growth  in  the  season  of 
1904,  the  mixture  was  changed  to  the  following,  viz. :  Com,  peas,  oats,  rape,  and  millet. 
This  combination  was  successful  in  producing  a  second  crop  of  rape  and  millet  when 
the  first  crop  was  cut  with  the  scythe,  but  not  when  closely  grazed  off.  Within  eight 
weeks  from  the  time  of  the  first  cutting  this  second  crop  was  nearly  knee  high;  but  it 
was  mostly  rape,  as  the  millet  could  not  keep  pace  with  it  in  growth.  The  success 
thus  achieved  in  securing  a  second  crop  of  rape  and  millet  created  the  desire  to 
combine  some  leguminous  plant  with  the  rape  in  place  of  the  millet.  As  a  result  the 
four  sowings  of  the  spring  of  1905  were  made  up  as  follows,  viz.:  Corn,  peas  oats,  rape, 
and  clover. 

The  full  value  of  this  mixture  has  not  yet  been  determined,  but 
Professor  Shaw  is  of  the  opinion  that  it  ''is  an  extremely  useful  com- 
bination and  that  it  can  be  produced  as  regularly  and  successfully  as 
any  other  crop  or  mixture  if  properly  handled.'' 

He  has  found  it  especially  valuable  as  a  soiling  crop  for  dairy  cows 
because  of  the  fact  that  it  fills  in  a  gap  between  the  possible  use  of 
green  clover  and  green  com,  and  also  highly  satisfactory  for  yoimg 
calves  being  housed  during  the  heat  of  the  summer. 

Though  the  first  attempt  was  to  use  this  mixture  as  a  forage  crop  for  swine,  it  has  not 
proved  to  be  so  valuable  for  that  purpose  as  was  expected.  *  *  *  When  the  suc- 
cotash was  grazed  off  by  swine  the  losses  were  heavy  from  the  trampling  and  wallowing 
of  the  animals;  in  fact,  so  much  so  that  it  had  to  be  hurdled  off,  giving  them  access  to 
but  a  limited  area  every  few  days,  and  this  is  a  somewhat  expensive  and  troublesome 
method.  When  cut,  hauled,  and  fed  in  the  hog  lots  or  pens  there  was  little  or  no  loaa. 
When  the  rape  and  clover  plants  were  bitten  off  close  to  the  ground  by  hogs  many  of 
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them  faaied  to  grow  again;  when  cut  higher  with  a  scythe  they  did  not  fail  to  grow. 
Succotash  may  be  objected  to  for  the  dairy  cow  because  of  the  large  amount  of  water  it 
contains,  but  it  nevertheless  furnishes  the  succulence  so  necessary  to  supplement  her 
xation  while  on  dry  and  exhausted  pastures.  This  food  was  used  for  the  college  dairy 
herd  during  the  season  of  1905  between  the  time  the  silage  was  exhausted  and  green 
com  became  available.  The  composition  of  succotash  does  not  vary  greatly  from  that 
»  of  green  com  in  the  earlier  stages,  when  used  for  soiling  purposes.  The  question  natur- 
ally arises,  Would  it  not  be  better  practice  to  supplement  the  failing  pastures  with 
silage  rather  than  succotash?  We  should  answer  yes,  providing  one  has  the  silage,  but 
at  the  present  time  all  dairymen  are  not  possessed  of  silos  and  most  of  those  in  use 
are  generally  empty  long  before  midsimmier.  Should  succotash  be  grown  for  such 
emergencies  and  not  needed,  it  can  be  cut  and  cured  for  hay  when  the  oats  are  in  the 
milk  or  dough  stage.  The  small  amount  of  rape  in  the  first  cutting  has  not  tainted 
the  milk  so  far  as  used. 

The  second  growth  of  rape  and  clover  must  needs  be  less  of  a  certainty  than  the  first 
crop  of  the  original  mixture,  as  favorable  conditions  for  growth  usually  diminish  as  the 
season  advances,  owing  to  greater  heat  and  lack  of  moisture.  A  lodged  crop  can  not 
remain  in  that  condition  long  without  injuring  the  clover  and  rape;  for  their  benefit 
the  crop  should  be  cut  as  quickly  as  possible.  If  succotash  is  grown  to  any  great  extent 
for  soiling  purposes  it  should  be  sown  at  two  or  three  different  dates,  the  first  late  in 
April  or  early  in  May,  the  others  following  at  intervals  of  ten  days  or  two  weeks.  From 
the  different  dates  of  seeding  some  one  or  more  of  the  lots  is  almost  sure  to  produce  a 
second  growth  suited  for  sheep  or  swine  pasture  and  probably  for  some  other  classes  of 
live  stock  also.  The  ability  to  secure  a  crop  of  clover  on  the  same  ground  the  next 
season,  for  pasture  or  soiling,  is  at  present  uncertain,  but  is  well  worth  trying  for. 

The  conditions  and  methods  of  culture  suited  to  succotash  are 

described  by  Professor  Shaw  as  follows: 

The  groimd  upon  which  thb  crop  b  grown  must  be  rich.  We  do  not  believe  large 
tonnages  can  be  secured  from  poor  land  except  in  imusual  seasons  when  the  rainfall  is 
large  and  favorably  distributed.  It  is  not  a  difficult  matter  to  properly  enrich  suffi- 
cient ground  for  the  crop  of  succotash.  A  small  area  only  is  necessary,  say  from  one 
to  three  acres,  to  tide  the  average  dairyman  over  from  clover  to  com  on  a  failing  pastur- 
age. Manure  can  not  well  be  used  to  better  advantage  than  on  this  area.  We  have 
found  that  the  manure  for  this  crop  should  not  be  buried  too  deep,  for  the  crop  should 
bo  induced  to  start  and  grow  quickly;  it  is  short-lived.  Our  best  results  have  come 
from  spreading  a  good  coating  of  heavy  manure  (not  strawy)  on  the  land  after  plow- 
ing and  before  fitting  for  seeding;  this  manure  is  not  allowed  to  lie  on  the  surface  of 
the  groimd,  but  is  worked  into  and  incorporated  with  the  top  two  or  three  inches  of 
soil  by  means  of  the  disk  and  harrow.  This  plan  almost  insures  a  quick  and  vigorous 
start  of  the  small  seeds,  such  as  clover  and  rape.  After  the  seed  bed  has  been  thor- 
oughly prepared,  sow  a  good  seeding  of  rape  and  clover  mixed,  broadcasting  it,  and 
then  follow  with  the  seed  drill  burying  the  mixture  of  com,  peas,  and  oats  at  the 
proper  depth;  the  drill  will  cover  the  small  seeds  previously  sown  on  the  surface.  In 
general  the  grain  mixtiu'e  should  be  sown  at  the  rate  of  about  two  bushels  per  aero. 

In  the  experiments  reported  a  mixture  of  equal  parts  of  rape  and 
clover  was  sown  at  the  rate  of  3  quarts  per  acre,  the  rest  of  the  seeding 
consisting  of  a  mixture  of  equal  parts  of  com,  oats,  and  peas. 

TANKAGE  AND  BONE  MEAL  FOE  HOGS .« 

The  widespread  interest  in  by-products  of  animal  origin  as  sup- 
plements to  com  in  swine  feeding  led  the  Michigan  and  Nebraska 
experiment  stations  to  midertake  several  tests  to  determine  whether 
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tankage,  one  of  the  most  important  of  such  materials^  and  ground 
bone  can  be  profitably  fed. 

Tankage  is  usually  prepared  from  refuse  materials  from  slaughter- 
ing, such  as  digestive  organs  and  their  contents,  flesh  scraps,  and 
some  blood,  and  condemned  carcasses  which  can  not  be  used  for  human 
food,  by  cooking  under  steam  pressure  and  then  drying  and  grinding . 
imtil  almost  as  fine  as  middlings.  The  tankage  used  in  the  Nebraska 
tests  is  described  by  the  company  producing  it  as  "a  concentrated 
protein  meal  made  from  fresh,  wholesome  pieces  of  meat  trimmed 
from  beef  carcasses.  It  looks  much  like  dark-colored  wheat  shorts, 
is  shipped  in  100-pound  sacks,  and  will  keep  indefinitely  imder  average 
conditions  of  dry  storage.''  The  tankage  used  in  the  Michigan 
experiments  was  guaranteed  to  contain  60  per  cent  protein,  10  per 
cent  fat,  and  6  per  cent  phosphates.  It  was  rich  in  flesh-forming 
materials  and  fat,  as  well  as  in  bone-building  material,  which  is  true 
of  tankage  generally. 

In  the  first  test  at  the  Nebraska  Station  hogs  averaging  170  pounds 
in  weight  made  an  average  gain  of  65  pounds  each  in  eight  weeks  on 
soaked  com,  5.3  poimds  of  feed  being  required  per  pound  of  gain, 
and  the  cost  of  a  pound  of  gain  being  3.76  cents.  In  the  case  of  a 
similar  lot  fed  95  per  cent  soaked  com  and  5  per  cent  tankage,  the 
average  gain  was  81  pounds  per  head,  the  feed  required  per  pound  of 
gain  being  4.6  pounds  and  the  cost  3.6  cents.  On  a  ration  of  90 
per  cent  com  and  10  per  cent  tankage  the  average  gain  in  six  weeks 
was  73  pounds  per  head,  the  cost  of  a  pound  of  gain  being  4.3  cents 
and  the  feed  required  per  pound  of  gain  5.2  pounds.  The  pigs  were 
sold  for  $4.90  per  100  poimds  and  E.  A.  Burnett,  who  carried  on 
the  experiments,  calculated  that  the  lowest  returns  per  bushel  of  com 
eaten  was  47  cents  on  the  ration  containing  10  per  cent  tankage,  and 
the  largest  return,  57  cents,  on  the  ration  containing  only  5  per  cent 
tankage. 

In  a  second  test,  which  was  made  with  lighter  hogs,  the  average 
weight  being  144  pounds,  the  gain  on  com  alone  averaged  71  pounds 
per  head  in  the  eight  weeks  of  the  test,  on  the  lighter  tankage 
ration  85  poimds,  and  on  the  heavier  ration  86  poimds.  The  feed 
consumed  per  pound  of  gain  with  each  tankage  ration  was  3.7  pounds 
and  with  the  soaked  com  only  4.2  pounds.  The  cost  of  feed  per 
pound  of  gain  on  the  lighter  tankage  ration  was  2.9  cents,  on  the 
heavier  tankage  ration  3.1  cents,  and  on  soaked  com  only  3  cents. 
The  calculated  return  per  bushel  for  com  eaten  was  98  cents  in  the 
case  of  the  lighter  tankage  ration,  this  value  being  20  cents  greater 
than  in  the  case  of  the  lot  fed  no  tankage,  and  13  cents  greater  than  in 
the  case  of  the  heavier  tankage  ration. 

When  shelled  com  was  fed  instead  of  soaked  com  eight  pigs,  aver- 
aging 67  pounds  in  weight,  fed  com  and  shorts,  4 :1,  gained  42  pounds 
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per  head  in  eight  weeks.  With  both  tankage  rations  the  gains  aver- 
aged 68  pounds  per  head.  With  these  rations  3.5  pounds  of  feed  was 
required  per  pound  of  gain,  and  on  com  and  shorts  4.6  pounds.  The 
gain  was  most  cheaply  made  on  com  with  5  per  cent  tankage,  costing 
2.7  cents,  and  was  most  expensive  on  com  and  shorts,  costing  3.4 
cents. 

In  the  first  of  the  tests  some  green  sorghiun  was  fed,  and  in  the 
other  cases  the  pigs  were  pastured  on  alfalfa,  but  no  accoimt  was 
taken  of  the  green  feed  eaten. 

The  experimentB  with  relatively  mature  animals  all  showed  that  the  addition  of  5 
per  cent  tankage  to  the  ration  produced  cheaper  gains  than  when  10  per  cent  tankage 
was  used.  With  young  pigs  the  gains  were  made  on  smaller  amounts  of  food  when  the 
larger  amount  of  tankage  was  added  to  the  ration,  but  the  high  cost  of  the  tankage  has 
made  the  smaller  amount  of  tankage  more  profitable.    *    *    * 

A  notable  advantage  in  the  feeding  of  tankage  is  seen  in  the  more  rapid  gains  made 
by  the  hogs  and  the  consequent  shortening  of  the  feeding  period. 

Another  argument  for  tankage  is  that  it  is  a  concentrated  protein  food.  Only  a 
small  amount  is  required  to  produce  the  result  desired. 

In  all  the  experiments  made  at  this  station,  the  hogs  fed  tankage  consumed  more 
feed,  made  larger  gains,  and  were  not  easily  put  off  feed,  while  the  hogs  fed  straight 
shelled  com  were  easily  thrown  off  feed  after  the  first  six  weeks,  coi^sumed  less  feed, 
and  made  slower  gains.  From  the  limited  test  made  we  advise  adding  the  tankage 
to  the  soaked  com  just  before  feeding,  rather  than  mixing  with  the  com  before  soaking 
and  allowing  the  tankage  time  to  soak  and  possibly  to  become  rancid  before  feeding. 

In  a  test  which  was  undertaken  primarily  to  ascertain  the  effects 
of  feeds  of  animal  origin  on  the  strength  of  bones  both  tankage  and 
ground  bone  were  used.  For  twelve  weeks  one  lot  was  fed  soaked 
com,  a  second  lot  soaked  com  with  10  per  cent  tankage,  a  third 
soaked  com  with  10  per  cent  ground  bone,  and  a  fourth  soaked  com 
with  26  per  cent  shorts.  For  the  following  four  weeks  10  per  cent 
of  the  com  was  replaced  with  alfalfa  hay,  but  the  pigs  did  not  relish 
the  hay,  and  so  the  original  ration  was  resumed  for  five  weeks.  At 
the  beginning  of  the  test  the  pigs  weighed  about  60  poimds  each. 
Considering  the  whole  period,  the  lots  fed  corn  and  corn  and  shorts 
gained,  respectively,  114  and  132  poimds  per  head,  while  those  fed 
tankage  and  ground  bone  gained,  respectively,  163  and  164  poimds 
per  head.  Three  of  the  largest  and  best  hogs  in  each  lot  were  slaugh- 
tered. The  average  slaughtered  weight  on  com  was  192  pounds, 
on  the  tankage  ration  247  pounds,  on  the  ground-bone  ration  257 
poimds,  and  on  the  com  and  shorts  ration  210  pounds. 

Tests  of  the  strength  of  the  bones  showed  that  in  every  case  the 
bones  of  the  hogs  fed  thp  grain  ration  were  not  as  strong  as  those  fed 
the  ration  containing  animal  products.  "The  feeding  of  tankage  or 
ground  bone  to  young  growing  pigs  produces  a  very  marked  effect  on 
the  strength  of  bone  when  compared  with  a  com  ration,  and  its  influ- 
ence is  still  marked  when  compared  with  com  and  shorts  on  alfalfa 
pasture." 
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In  the  Michigan  Station  tests,  the  special  problem  under  considera- 
tion was  the  possibility  of  substituting  tankage  for  skim  milk,  since, 
as  pointed  out  by  R.  S.  Shaw,  who  carried  on  the  work,  so  much 
skim  milk  is  now  supplied  to  cheese  factories  and  condensed  milk 
factories,  and  to  supply  the  demands  of  cities  and  towns,  that  on  many 
farms  there  is  a  scarcity  of  it  for  feeding  young  calves  and  pigs. 

In  one  of  the  tests  with  young  pigs  com  meal,  middlings,  and  tank- 
age, 3 :3 :1,  mixed  with  water  was  compared  with  the  same  grain  ration 
mixed  with  skim  milk. 

In  the  other  tests  a  ration  of  middlings  and  com  meal,  2:1,  with 
the  addition  of  one-eleventh  of  tankage  wet  up  with  water  was  com- 
pared with  the  same  grain  ration  mixed  with  skim  milk  in  the  propor- 
tion of  1  pound  of  meal  to  3  poxmds  of  milk. 

On  the  tankage  rations  the  average  daily  gain  was  0.98  pound  and 
the  feed  consumed  per  pound  of  gain  3.14  pounds.  On  the  meal  and 
skim  milk  rations  the  average  daily  gain  was  1.08  pounds  per  head 
and  the  feed  required  per  poimd  of  gain  2.48  pounds  of  meal  and 
5.67  pounds  of  skim  milk.  In  a  check  test  covering  ten  weeks,  in 
which  two  lots  of  5  pigs  each  were  fed  middlings  and  com  meal,  2:1, 
mixed  to  a  thick  slop  with  water,  4.09  pounds  of  meal  were  required 
per  pound  of  gain,  the  average  daily  gain  being  0.8  pound. 

The  results  indicate  ''that  tankage  can  be  used  successfully  as  a 
substitute  for  skim  milk  in  the  ration  for  the  growing  pig  from  wean- 
ing time  on,"  and  ''  that  a  slightly  greater  proportion  of  tankage  than 
one-eleventh  of  the  ration  could  be  fed,  increasing  the  gains  some- 
what, and  still  keeping  within  the  cost  of  production  of  the  skim-milk 
ration." 

In  tests  with  fattening  hogs  on  com  meal  and  tankage  in  the  propor- 
tion of  5:1  and  9:1  compared  with  rations  of  com  meal  only  and 
with  rations  of  middlings  and  com  meal,  2:1,  with  and  without 
the  addition  of  one-eleventh  of  tankage,  the  average  daily  gain  per 
hog  on  the  tankage  rations  was  1.19  pounds  and  on  the  rations  with- 
out tankage  0.98  poimd.  The  average  cost  of  a  pound  of  gain  with 
tankage  was  4.44  cents  and  without  tankage  4.86  cents. 

''The  gains  were  greatest  in  every  case  where  tankage  was  used  in 
the  ration,  and  this  was  more  and  more  noticeable  as  the  feeding 
period  was  prolonged.  *  *  *  In  general,  the  figures  given  indi- 
cate that  tankage  can  be  used  to  good  advantage  in  the  ration  for  the 
fattening  hog  as  well  as  for  the  growing  pig." 

The  favorable  results  thus  obtained  at  the  Nebraska  and  Michigan 
stations  with  animal  by-products  in  hog  feeding  are  in  accord  with 
those  reported  by  the  Indiana  and  Iowa  experiment  stations  and 
summarized  in  an  earlier  bulletin  of  this  series.  * 

oU.  S.  Dept.  Agr.,  Farmers'  Bui.  169,  p.  29. 


25 


GBIKDING  COEN  FOE  HOGS.'' 

For  the  past  nine  years  the  Wisconsin  Experiment  Station  has  been 
conducting  tests  to  determine  whether  grinding  com  for  hogs  is  desir- 
able. In  the  tests  previous  to  1903-4^  middlings  were  fed  with  the 
com.  That  year  corn  was  fed  alone,  but  the  results  were  so  unsatis- 
factory as  regards  thrift,  appetite,  gains,  and  feed  consumed  per 
poimd  of  gain  that  it  was  not  considered  desirable  to  omit  the  mid- 
dlings in  subsequent  years. 

The  results  have  varied  a  little  from  year  to  year,  but  considering 
the  average  of  all  the  tests  117  hogs  fed  dry  shelled  com  and  wheat 
middlings  made  an  average  gain  of  96.8  pounds  each,  while  an  equal 
number  fed  com  meal  and  wheat  middlings  gained  110.9  pounds 
each,  the  feed  required  per  pound  of  gain  in  the  two  cases  being  5.19 
poimds  and  4.88  pounds.  In  other  words,  for  each  pound  of  gain  the 
hogs  fed  shelled  com  required  0.3  pound  more  grain  than  those  fed 
the  com  meal.  The  saving  from  grinding,  therefore,  has  amounted 
to  5.7  per  cent.  Whether  it  will  pay  to  grind  com  in  order  to  effect 
a  saving  will  necessarily  depend  upon  two  factors,  namely,  the  price  of 
com  and  the  cost  of  grinding.  When  these  factors  are  known  the  pos- 
sible saving  from  grinding  can  be  learned  from  the  following  table: 
Saving  effected  by  grinding  corn  for  fattening  hogs. 


Valae  of  com  per  bushel 

as. 

25 
1.4 

as. 

30 
1.7 

as. 

35 
1.9 

as. 

40 
2.2 

as. 

45 
2.5 

as. 
so 

2.8 

as. 

55 
3.1 

as. 

60 
3.4 

Cts. 
65 
3.7 

as. 

70 
3.9 

as. 

75 

Amount  savea  by  grinding 

4.2 

When  com  is  worth  only  25  cents  per  bushel  the  saving  from  grinding  amounts  to 
only  1.4  cents,  not  enough  to  pay  for  the  grinding  unless  cheap  power  is  available.  As 
com  advances  in  price  it  will  be  noticed  that  the  saving  per  bushel  increases  practi- 
cally three-tenths  of  a  cent  with  each  5  cents'  advance  in  the  price  of  corn.  Should 
the  price  of  com  be  as  high  as  75  cents  per  bushel  the  saving  by  grinding  would  amount 
to  a  little  over  4  cents  per  bushel. 

DIPS  AS  LICE  KILLEES.c 

The  harmful  effects  of  infestation  with  Uce  are  perhaps  not  fully 
recognized  by  stock  raisers,  and  consequently  farm  animals  are  often 
allowed  to  go  without  assistance  in  ridding  themselves  of  these  pests. 
Experiments  on  the  treatment  of  lice  on  hogs  have  been  made  by  a 
number  of  the  experiment  stations  and  by  the  Bureau  of  Animal 
Industry  of  this  Department,  and  the  results,  summarized  in  a  bul- 
letin of  the  Bureau  by  E.  C.  Stevenson,  show  in  general  the  high 
practical  eflBciency  of  crude  or  pure  kerosene  or  kerosene  emulsion  for 
this  purpose. 

«  Compiled  from  Wisconsin  Sta.  Rpt.  1905,  p.  16. 
b  Wisconsin  Sta.  Rpt.  1904,  p.  20. 

c Compiled  from  Oklahoma  Sta.  Bui.  72;  U.  S.  Dept.  Agr.,  Bureau  of  Animal  In* 
dustry  BuL  69. 
279 


26 

Tn  recent  experiments  with  dips  for  destroying  lice  particularly  on 
hogs,  L.  L.  Lewis,  of  Oklahoma  Experiment  Station,  compared  the 
effectiveness  of  kerosene  or  crude  oil  in  various  forms  and  certain 
proprietary  dips  of  a  coal-tar  origin.  It  was  soon  found  that  the 
results  obtained  from  a  practical  use  of  coal-tar  dips  on  hogs,  under 
ordinary  farm  conditions,  were  not  as  satisfactory  as  generally 
obtained  in  laboratory  experiments.  Even  in  laboratory  tests,  how- 
ever, kerosene  emulsion  containing  5  per  cent  of  kerosene  was  more 
effective  than  3  per  cent  coal-tar  preparations. 

A  very  satisfactory  and  inexpensive  dipping  device  was  found  in  a 
wallowing  vat  placed  so  as  to  be  constantly  accessible  to  the  hogs. 
This  vat  had  a  depth  of  about  14  inches  and  was  kept  constantly 
filled  with  water,  being  cleaned  occasionally  and  carrying  on  the  sur- 
face a  gallon  or  more  of  crude  oil.  It  was  found  that  the  hogs  kept 
themselves  free  from  lice  by  voluntary  immersion  in  this  vat.  Coal- 
tar  preparations  used  under  the  same  conditions  did  not  give  the  same 
results,  and  the  hogs  were  never  free  from  lice  after  treatment  with 
the  proprietary  remedies. 

One  of  the  defects  of  the  proprietary  remedies  as  compared  with 
crude  oil,  kerosene,  or  kerosene  emulsion  was  found  to  lie  in  the  fact 
that  the  proprietary  remedies  were  not  nearly  so  effective  in  destroy- 
ing the  eggs  of  the  lice  as  were  the  various  forms  of  petroleum. 
According  to  the  experience  of  Doctor  Lewis,  if  it  is  desired  to  spray 
cattle  or  treat  them  with  a  brush  or  sponge,  kerosene  emulsion  may  be 
used  freely  without  any  fear  of  harm.  For  this  purpose  the  emulsion 
should  contain  one-half  pound  of  hard  soap  and  2  gallons  of  a  cheap 
grade  of  kerosene  in  8  gallons  of  water. 

The  Bureau  of  Animal  Industry  gives  the  following  directions  for 
preparing  this  emulsion:  Add  one-half  pound  of  hard  soap  (one-half 
bar  of  common  soap)  to  1  gallon  of  water  and  boil  until  the  soap  is 
dissolved.  Remove  from  the  fire  and  add  2  gallons  of  kerosene  and 
agitate  vigorously  until  an  emulsion  is  formed  which  is  gelatinous  on 
cooling.  Dilute  with  warm  water  to  the  required  strength.  The 
effectiveness  of  the  emulsion  is  said  to  be  increased  by  adding  3i 
pounds  of  pyrethrum  which  is  allowed  to  soak  in  the  kerosene  twenty- 
four  hours  before  the  latter  is  used  in  preparing  the  emulsion. 

DIGESTIBILITY  OF  FISH  AND  POULTRY. « 

A  recently  published  report  of  the  Connecticut  Storrs  Experiment 
Station  contains  results  of  a  series  of  studies  carried  on  by  R.  D. 
Milner  to  determine  the  digestibility  of  fish  and  poultry.  Salmon 
was  selected  as  a  type  of  a  relatively  fat  fish  and  cod  steak  as  a 
type  of  lean  fish.     Similarly  in  the  experiments  with  poultry,  duck 

a  Compiled  from  Conn.  Storrs  Sta.  Rpt.  1905,  p.  116. 
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was  chosen  because  it  is  rich  in  fat  and  chicken  because  the  fat  con- 
tent is  low.  The  salmon  and  chicken  used  were  canned  products, 
the  cod  and  duck  were  fresh  goods.  Some  simple  foods  like  bread, 
milk,  butter,  and  sugar  were  eaten  with  the  special  foods  studied,  the 
whole  constituting  a  simple  jet  palatable  ration. 

The  four  young  men  who  served  as  subjects  were  in  good  physical 
condition  with  apparently  normal  digestion.  Two  of  them  had 
served  as  subjects  in  previous  digestion  experiments,  and  the  remain- 
ing two  from  their  laboratory  experience  fully  understood  the  nature 
and  requirements  of  such  experiments. 

Each  experiment  covered  three  days  and  all  the  food  consumed  and 
the  feces  excreted  were  analyzed.  The  urine  excreted  on  the  final  day 
of  each  experimental  period  was  also  weighed  and  its  heat  of  com- 
bustion determined.  From  the  data,  thus  obtained  the  digestibility 
of, the  diet  as  a  whole  and  that  of  the  fish  and  poultry  alone  was  cal- 
cfQlated  in  the  usual  manner.  The  following  table  shows  the  average 
coefficients  of  digestibiUty  of  the  fish  and  poultry: 

Coefficients  of  digestibility  offish  and  poultry — Average  of  four  tests. 


Kind  of  food. 

Protein. 

Fat... 

Energj. 

ftnlmnn   TaatitimI)    _ 

Per  cent. 
90.23 
05.93 
96.74 
04.06 

Per  cent. 
97.01 
97.40 
97.13 
97.32 

Per  cent. 
85  63 

Cod          

80.27 

Chicken  Scanned) 

85  35 

Duck     

01.14 

Examination  of  the  results  of  the  individual  tests  showed  that  the 
variations  in  the  coefficients  of  digestibility  were  comparatively  small ; 
the  average  for  protein  of  the  different  foods,  for  instance,  varied  less 
than  that  of  the  protein  of  the  same  food  for  the  four  subjects,  being 
for  cod  and  salmon  about  96  per  cent,  for  chicken  a  little  higher,  and 
for  duck  somewhat  lower.  The  greatest  variation  was  noted  with 
the  energy,  the  highest  values  being  obtained  with  the  salmon  and  the 
duck;  that  is,  with  the  foods  containing  the  largest  proportion  of  fat 
and  hence  having  the  highest  energy  value. 

This  may  be  an  indication  that  the  availability  of  the  energy  is  highest  in  foods  con- 
taining a  large  amount  of  fat,  though  the  data  at  hand  are  not  sufficient  to  warrant  too 
sweeping  deductions. 

From  the  results  of  sixteen  experiments  in  which  canned  salmon,  fresh  cod,  canned 
chicken,  and  roast  duck  made  up  in  turn  a  considerable  portion  of  the  diet,  it  appears 
that  these  foods  are  very  completely  digested,  the  coefficients  of  digestibility  being 
approximately  those  previously  found  for  other  animal  foods.  The  foods  containing 
a  considerable  proportion  of  fat  were  apparently  as  completely  digested  as  those  in 
which  the  percentage  of  fat  was  relatively  small.  The  number  of  kinds  of  poultry  and 
fish  investigated  and  the  number  of  experiments  carried  on  with  each  are  too  small  to 
warrant  further  conclusiom. 
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HONEY  yiNEGAE.' 

In  one  of  the  timely  hints  for  farmers  issued  by  the  Arizona  Station, 
A.  E.  Vinson  gives  directions  based  on  recent  work  at  the  station  for 
making  vinegar  from  honey.  It  seems  that  most  of  the  vinegar  is  sup- 
plied to  the  Territory  by  eastern  makers  and  the  price  is  abnormally 
high.  Very  large  quantities  of  honey  are  produced  in  the  Territory. 
This  has  been  used  in  part  by  the  farmers  as  a  source  of  vinegar,  but 
the  quality  of  the  vinegar  made  by  the  usual  processes  followed  by 
farmers  is  not  up  to  the  standard,  and  the  time  required  to  produce 
vinegar  ?s  so  long  that  many  are  deterred  from  making  it  on  a  small 
scale. 

The  first  thing  to  be  considered  in  making  honey  vinegar  is  to  secure 
the  complete  conversion  of  the  sugar  in  the  honey  to  alcohol.  As  is 
well  known,  this  is  accomplished  with  the  aid  of  yeasts  working  in  the 
diluted  liquid.*^  These  yeasts  require  not  only  organic  but  also  min- 
eral matter  and  nitrogen  for  their  best  growth.  The  fermentation 
starts  off  much  more  promptly  also  if  a  yeast  cake  is  added. 

Honey  diluted  with  ordinary  water  appears  to  be  lacking  in  nutri- 
ents for  the  yeast,  especially  in  nitrogen,  potash,  and  phosphoric 
acid.  According  to  the  investigations  at  the  station  these  materials 
can  best  be  added  to  the  diluted  honey  in  the  form  of  ammonium 
chlorid  and  potassium  phosphate,  using  1  part  each  to  1,000  parts 
solution. 

Unfortunately,  potassium  phosphate  is  seldom  to  be  had  in  the  drug  stores,  and  we 
must  rely  on  other  chemicals  to  take  its  place.  This  is  best  done  by  using  sodium  phos- 
phate and  potassium  sulphate;  of  each  about  one  part  per  1,000.  This  combination  is 
much  cheaper  than  the  rather  expensive  potassium  phosphate  and  is  to  be  recom- 
mended where  large  amounts  of  honey  vinegar  are  made.  These  chemicals  can  all  be 
obtained  in  large  quantities  for  about  15  cents  per  pound.  The  small  producer,  who 
can  not  afford  to  buy  large  amounts  at  wholesale,  will  experience  much  difficulty  in 
getting  potassium  sulphate,  but  experiments  in  this  laboratory  have  shown  that  potas- 
sium bicarbonate,  a  chemical  to  be  had  in  every  drug  shop,  can  be  substituted  with 
nearly  as  good  results.  The  chemic:als  are  absolutely  harmless,  and  are  in  no  sense  of 
the  word  to  be  considered  adulterants.  Care  should  be  taken  to  secure  well  water  of 
good  quality,  preferably  hard,  but  not  too  salty. 

When  a  barrel  of  honey  vinegar  is  to  be  md,de  for  family  use  or  the 
small  producer  the  following  formula  is  suggested :  Strained  honey, 
40  to  45  pounds;  water,  30  gallons;  ammonium  chlorid,  4  ounces; 
potassium  bicarbonate,  2  ounces;  sodium  phosphate,  2  ounces.  To 
this  should  be  added  about  one-quarter  of  a  cake  of  dry  yeast  softened 
in  lukewarm  water.  If  the  material  is  now  kept  at  a  temperature  of 
65  to  75°  F.  the  fermentation  will  be  very  rapid. 

a  Compiled  from  Arizona  Sta.  Timely  Hints  for  Farmers,  No.  60. 

b  See  article  on  Cider  Vinegar,  U.  S.  Dept.  Agr.,  Farmers'  Bui.  233,  p.  28. 
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The  chemicalB  for  making  30  gallons  will  cost  about  25  cents  in  a  small  way,  but 
on  a  large  scale  not  more  than  10  cents.  Somewhat  larger  amounts  of  potassium  bicar- 
bonate and  sodium  phosphate  would  give  even  better  results,  but  the  amounts  are 
here  cut  to  the  minimum  to  bring  the  cost  low  enough  to  make  it  profitable. 

In  from  three  to  foiu:  weeks  all  visible  fermentation  will  have  ceased  and  the  yeast 
settled  out.  Now  rack  off  the  wine,  add  10  gallons  of  good  vinegar,  containing  a  little 
mother,  and  let  stand  undisturbed  in  a  place  having  as  nearly  as  possible  an  even  tem- 
peratiure  of  from  75  to  80**  F.  The  acetic  fermentation  may  be  started  by  floating 
mother  or  the  scum  from  an  older  cask  on  the  surface  of  the  mixture  by  means  of  thin 
cork  shavings.  Carried  out  in  this  way  and  at  a  suitable  temperature  (temperatures 
over  85**  F.  will  retard  the  process  and  cause  loss  of  both  alcohol  and  acid)  a  good  honey 
vin^ar  can  be  produced  in  from  four  to  six  months. 

SUGOESTIONS  FOE  THE  MANAGEMENT  OF  THE  FAEM  WOODLOT.'' 

Several  of  the  experiment  stations,  usually  in  cooperation  with  the 
Forest  Service  of  this  Department,  are  studying  certain  phases  of 
forestry,  more  especially  from  the  practical  standpoint  of  the  farmer 
and  owner  of  small  areas  of  woodland.  Farmers'  holdings  are  small 
individually,  but  in  the  aggregate  they  are  of  tremendous  importance 
to  this  country.  Something  like  two  hundred  million  acres  of  land — 
about  one-third  of  all  the  forests  of  the  United  States — are  held  in 
farmers'  woodlots.  At  the  same  time  the  country  is  rapidly  using  up 
the  supply  of  standing  timber.  Lumber  prices  are  rising  rapidly, 
and  will  surely  continue  to  rise.  Since  wood  for  every  purpose  is 
siu-e  to  become  more  valuable  as  time  passes,  it  is  worth  while  for 
the  far-sighted  farmer  to  see  to  it  now  that  his  woodlot  is  so  handled 
as  to  yield  in  future  the  largest  possible  supply  of  this  slow-growing 
crop. 

The  following  suggestions  regarding  the  management  of  the  farm 
woodlot  have  been  compiled  from  the  publications  of  the  experiment 
stations  and  of  the  Forest  Service.  The  farmer  should  aim  to  main- 
tain, and,  if  possible,  improve  the  value  of  his  woodlot  while  using  it. 
Too  often  it  deteriorates  under  use.  If  he  cuts  the  best  trees  or 
those  which  are  easiest  to  work  up,  he  leaves  the  ''weed  trees,''  as  for- 
esters call  them — that  is,  the  useless  trees,  which  crowd  out  and  dis- 
place good  trees — to  reproduce.  One  aim  should  be  to  keep  up,  and, 
if  possible,  increase  the  supply  of  the  kinds  of  trees  which  it  pays 
best  to  grow.  While  a  large  part  of  the  product  of  the  woodlot  will 
generally  be  firewood,  it  will  pay  the  farmer  better  to  grow  as  large  a 
product  as  possible  of  railroad  ties,  telegraph  and  telephone  poles, 
and  saw  logs. 

o Compiled  from  Connecticut  State  Sta.  Bui.  154;  Massachusetts  Sta.  Bui.  97; 
New  Hampshire  Sta.  Bui.  95,  and  Connecticut  Board  of  Agricultiure  Rpt.  1905. 
See  alsoU.  S.  Dept.  Agr.,  Forest  Service  Bui.  42,  on  the  woodlot;  Farmers'  Bui.  173, 
Primer  of  Forestry,  and  work  of  the  Division  of  Forestry  for  the  Farmer  in  the  Year- 
boolc  of  the  Department  of  Agricultiure  for  1898. 
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A  high  quality  of  product  will  depend  not  only  upon  the  kinds  of 
trees,  but  on  the  size  of  the  trees.  A  large  tree  is  worth  much  more 
proportionately  than  a  small  tree,  because  of  the  better  quality  of  its 
product. 

The  farmer  should  always  see  to  it  that  his  land  is  fully  stocked. 
The  average  woodlot  is  understocked.  This  means  that  the  land  is 
partly  idle.  If  an  old  pasture  is  coming  up  slowly  to  forest  growth,, 
very  likely  trees  can  be  profitably  planted.  The  farmer  will  gain  by 
this,  although  he  may  not  himself  live  to  cut  the  timber,  for  land 
fully  stocked  with  young  timber  will  be  salable  at  a  much  higher 
price  because  of  its  prospective  value.  This  is  already  true  in  many 
regions.  It  will  be  far  more  generally  true  as  timber  increases  in 
value. 

The  farmer  should  cut  his  trees  so  as  to  benefit  the  forest.  The 
branchy,  wide-spreading  tree,  the  crooked  tree,  or  the  tree  of  a  kind 
wiiich  is  not  likely  to  prove  salable,  is  the  best  for  him  to  cut  when  he 
is  getting  out  his  supply  of  firewood.  This  gives  room  for  the  better 
trees  near  by  to  grow,  as  well  as  opening  the  ground  for  reproduc- 
tion. Before  a  tree  is  cut  it  should  be  noted  what  trees  will  take 
advantage  of  the  cut.  Care  should  be  taken  in  cutting  to  do  as  little 
harm  to  young  growth  (often  regarded  as  "brush*')  as  possible. 
This  may  sacrifice  just  the  trees  which  should  have  grown  up  and 
set  back  the  next  cutting  a  dozen  or  fifteen  years.  Sprouts  from 
the  stump  grow  much  more  rapidly  than  trees  from  seedlings,  because 
they  do  not  have  to  establish  a  root  system  of  their  own,  but  are  vir- 
tually branches  of  the  old  tree,  which  has  been  pruned  back  to  the 
ground.  Almost  all  hardwoods  (that  is,  broadly  speaking,  decidu- 
ous trees  as  distinguished  from  evergreens)  sprout  from  the  stump 
Consequently  where  these  make  up  a  woodlot  by  far  the  largest 
volume  of  wood  can  be  secured  under  a  system  of  sprout  or  "coppice" 
management.  But  the  vigor  of  sprout  growth  declines  as  the  root 
systems  age;  therefore  new  seedlings  are  needed  in  a  sprout  forest 
to  replace  the  enfeebled  stock. 

The  farmer  should  inform  himself  not  only  as  to  what  kinds  of 
trees  will  be  most  profitable  in  the  long  run  but  also  as  to  what  the 
requirements  of  the  different  kinds  are.  One  tree  will  grow  where 
another  will  not.  It  is  necessary  to  know  about  each  kind,  and  how 
to  get  the  conditions  which  will  make  it  grow  best.  Woodlots  to 
which  the  principles  of  forestry  have  never  been  applied  very  com- 
monly offer  a  good  chance  for  "improvement  cuttings.''  The  pur- 
pose of  such  cuttings  is  to  secure  needed  material,  utilize  timber 
which  would  otherwise  go  to  waste,  and  make  room  for  other  trees 
to  grow.  In  making  improvement  cuttings  the  farmer  should  look 
especially  for  two  classes  of  trees  in  addition  to  those  already  indi- 
cated as  desirable  for  removal.     These   are  (1)    overmature   trees 
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which  are  beginning  to  decay  and  will  rapidly  lose  their  value;  and 
(2)  "suppressed*'  trees — that  is,  those  whose  crowns  have  been  over- 
topped by  their  nieghbors  so  that  they  can  no  longer  compete  for 
room.  It  is  not  worth  while,  however,  to  refnove  suppressed  trees 
if  the  material  which  they  furnish  will  not  pay  for  cutting. 

Fully  stocked  stands  should  be  thinned  when  the  trees  are  large 
enough  to  make  a  thinning  pay  for  itself.  The  idea  in  thinning  is 
to  remove  the  weak  and  inferior  trees  in  order  that  the  better  trees 
may  develop  more  rapidly  and  perfectly. 

The  following  illustrations,  used  by  A.  F.  Hawes,  State  forester  of 
Connecticut,  in  a  recent  bulletin  of  the  Connecticut  State  Station, 
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Fig.  1.— a  group  of  chestnut  sprouts  before  (A)  and  after  (B)  thinning. 

show  some  actual  examples  of  thinning  chestnut-sprout  timber  in 
Connecticut: 

In  figure  1,  trees  79,  80,  and  81  are  straight  and  thrifty,  with  diam- 
eters from  5  to  7  inches  and  heights  from  40  to  43  feet.  The  crowns 
of  77  and  78  form  a  mass  of  foliage,  the  removal  of  which  will  help 
79  and  81.  The  appearance  of  this  group  after  thinning  is  shown  in 
figure  1,  B. 

In  figure  2,  poles  10, 13,  14,  and  15  are  especially  promising,  being 
from  5  to  7  inches  in  diameter  and  having  heights  of  from  40  to  47  feet. 
No.  12,  although  47  feet  high,  has  a  crown  too  small  to  supply  it 
vrith  food.  Its  diameter  is  only  4.7  inches.  By  its  removal  the 
other  three  of  the  group,  which  are  all  over  6  inches  in  diameter. 


will  receive  more  light  and  increase  their  diameter  more  rapidly. 
The  removal  of  trees  8  and  9  affect,  respectively,  13  and  10.  The 
appearance  of  this  group  after  thinning  is  shown  in  figure  2,  B. 

In  cutting  mature  timber  the  chief  concern  is  to  secure  satisfac- 
tory reproduction  as  soon  as  possible.  The  ''group  method"  is  gen- 
erally the  best  adapted  for  farm  woodlots.  Select  a  spot,  or  several 
spots,  if  one  will  not  supply  what  is  wanted,  where  the  forest  crop  is 
ripest — possibly  overripe — and  clear,  with  due  care  for  young  growth, 
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FlQ.  2.— A  group  of  chestnut  sprouts  before  (A)  and  after  (B)  thinning. 

a  hole  in  the  forest,  taking  care  that  the  diameter  of  this  .hole  is  not 
more  than  two  or  thi-ee  times  the  height  of  the  surrounding  trees. 
Gradually  widen  these  holes  by  cutting  in  concentric  rings  about 
them  imtil  the  whole  area  has  been  cut  over. 

It  should  be  borne  in  mind,  however,  that  if  in  any  one  year  more 
wood  is  cut  than  grows  on  the  whole  woodlot  in  that  year,  the  neces- 
sary wood  capital  is  diminished.  Where  the  whole  area  is  cut  over 
before  the  part  cut  first  has  had  time  to  grow  to  maturity,  a  period 
will  have  to  follow  during  which  the  woodlot  will  stop  paying  divi- 
dends. 
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Sir  :  1  have  tho  houor  to  traiisiuit  lierewith  iind  to  reconiuieud  for  publication 
as  a  Farmers'  bulletin  of  tlie  Department  a  pai>er  on  the  use  of  alcohol  and 
gasoline  in  farm  engines,  based  in  part  upon  experiments  carried  out  by  C.  R. 
Luclie,  assistant  professor  of  mechanical  engineering,  Ck)lumbia  University,  and 
S.  M.  Woodward,  irrigation  onginoer  of  this  Offic^e,  under  the  direction  of 
Klwood  Mead.  Chief  of  Irrigation  and  Drainage  Investigations  of  the  Office  of 
Exi>eriment  Stations,  under  authority  given  the  Office  to  investigate  "  the  use  of 
diflforont  Idnds  of  power  and  appliances  for  irrigation  and  drainage." 

Tlio  pumping  of  water  for  irrigation  and  drainage  has  already  assumed  gre4it 
importance,  as  approximately  (JOO.OOO  acres  of  land  are  irrigated  with  pumped 
water.  A  large  part  of  tlie  unreclaimed  arid  land  can  get  water  in  no  other 
way,  and  as  a  rule  it  is  so  located  that  fuel  of  any  kind  is  difficult  to  get.  Alcohol 
offers  in  such  cases  a  hope  of  cheaper  fuel,  which  may  mean  the  reclamation  of 
large  areas,  since  the  land  irrigated  can  produce  the  fuel  to  maintain  its  water 
supply.  At  present  it  does  not  appear  that  alcohol  will  produce  power  as  cheaply 
as  gasoline  where  the  latter  can  he  easily  obtained,  but  as  a  rule  the  regions 
where  there  will  bo  the  greatest  demand  for  pumping  are  the  farthest  removed 
from  sources  of  the  common  fuels,  and,  on  the  other  hand,  they  can  produce 
largo  (luantitics  of  crops  from  which  alcoliol  can  be  made.  This,  with  the 
improvements  wiiich  will  inidouhtiHlly  be  made  in  alcohol  engines,  may  biiug 
alcohol  into  use  as  tlie  distinctive  fuel  for  pumping  water  for  irrigation. 

Owing  to  tlie  fact  that  there  are  not  on  the  American  market  any  engines 
designed  esi)ecially  for  aUrohol.  the  experiments  so  far  made  have  been  with 
alcohol  in  the  gasoline  and  kerosene  engines  familiar  to  the  American  market 

The  pnipo.se  of  these  exiKn'imcnts  is  twofold:  (1)  To  determine  what  can  be 
done  with  alcohol  in  the  existing  engines,  and  (2)  to  learn  what  changes  in  the 
mechanism  of  tlie  engines  are  )iecessary  to  secure  the  highest  efficiency  in  the 
use  (;f  alcohol  as  a  fuel.  Since  t!ie  removal  of  the  tax  on  denatured  alcohol 
this  Office  has  been  iloodcd  with  iiKpiiries  as  to  the  possibilities  of  its  use.  In 
view  of  this  it  has  seeineil  I>est  to  publish  as  a  Farmers*  Bulletin  the  essential 
facts  brought  out  l)y  the  experiments  made,  with  some  iwpular  matter  on  the 
use  of  gas  engines  foi-  farm  puri)oses,  leaving  the  details  and  the  more  technical 
results  of  the  tests  to  1k»  publishe<l  later,  and  such  publication  Is  tlierefore 
recommended. 

Uespectfully,  A.  C.  True. 

Dirrciot: 

Hon.  Jamls  Wilson, 

i^ecretary  of  Agriculture. 
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THE  USE  OF  ALCOHOL  AND  GASOLINE  IN  FARM 

ENGINES. 


SOVECES  OF  POWEE. 

There  are  two  great  sources  of  power  and  an  infinitely  varied 
series  of  mechanical  devices  and  machines  for  the  generation  of 
power.  Water  power  always  has  been  used  and  probably  always 
will  be  used  so  long  as  the  rain  falls,  but  it  is  insufficient  for  our 
present  needs  or  geographically  unavailable.  The  greatest  source  of 
power  is  fuel.  Fuels  may  be  divided  into  two  series — those  that  now 
exist  in  the  form  of  natural  deposits  and  those  which  are  being  pro- 
duced continuously.  All  of  the  coals,  hard  and  soft,  with  the  lignites 
and  peats,  the  crude  oils  and  natural  gas,  exist  in  the  form  of 
deposits;  and,  while  it  is  true  that  the  decay  of  vegetable  matter  may 
be  to-day  forming  more  deposits  of  the  same  nature,  it  is  equally  true 
that  we  are  using  the  present  supply  faster  than  the  rate  of  produc- 
tion. The  newest  fuel  for  powder  purposes  is  alcohol.  This  is  made 
from  the  yearly  crops  of  plants.  There  is  in  existence  no  natural 
deposit  of  alcohol,  but  in  a  sense  it  may  be  said  to  be  possible  to  pro- 
duce inexhaustible  supplies. 

It  is  only  within  recent  time  that  engineers  have  known  how  to 
build  engines  that  would  produce  power  from  alcohol;  and  still 
more  recent  is  the  further  discovery  by  engineers  that  this  power 
can  be  produced  at  a  cost  w  hich  may  permit  its  general  introduction. 

By  far  the  largest  part  of  the  power  now  being  used  comes  from 
steam  produced  by  the  use  of  coal.  This  is  chiefly  due  to  the  fact 
that  as  a  rule  whenever  it  can  be  used  it  is  cheaper  than  possible 
substitutes,  although  it  is  partly  due  to  the  fact  that  steam  power  is 
better  adapted  to  some  classes  of  work  and  is  older  and  better  known 
than  power  generated  by  the  gas  engine  in  its  varied  forms.  In 
point  of  present  use,  water  power  stands  next  to  steam  in  importance. 
This  is  largely  due  to  the  fact  that  water  power  is  among  the  earliest 
in  point  of  development,  but  more  largely  to  the  fact  that  it  has 
become  possible  to  transform  water  power  into  electrical  power, 
which  can  be  transmitted  long  distances,  and  so  overcome  geograph- 
ical isolation  of  the  sources. 

277 

(5) 


Next  in  quantity  produced  stands  power  generated  by  the  gas 
engine.  This  class  of  engines  includes  all  machines  in  which  the  fuel 
mixed  with  air  is  burned  or  exploded  within  the  working  chambers, 
whether  the  fuel  be  gas  produced  from  coal,  natural  gas,  vapors  of 
any  of  the  mineral  oils,  vegetable  or  animal  oils,  or  alcohol.  The 
subordinate  position  occupied  by  this  source  of  power  is  due  partly  to 
the  fact  that  engineers  have  only  recently  discovered,  and  are  to-day 
discovering,  how^  bevSt  to  build  these  machines  and  adapt  them  to  the 
work  they  are  to  do.  Wind  and  wave  power  stand  at  the  foot  of  the 
list  and  always  will,  so  far  as  quantity  of  power  dcA'^eloped  is  con- 
cerned. This  is  because  of  the  irregularity  of  the  sources  of  supply 
and  their  comparatively  feeble  nature. 

COMPAEATIYE  COST  OF  FOWEE  FROM  DIFFERENT  SOXTRCES. 

The  cost  of  producing  power  from  any  of  the  above  sources  is  made 
up  of  a  number  of  items,  inchiding  interest  on  the  first  cost  of  the 
installation,  depreciation  of  the  apparatus,  its  insurance,  etc.,  usually 
called  the  ''  fixed  charges."  To  these  should  be  added  the  costs  of 
fuel,  of  labor  for  attendance,  and  of  repairs,  as  the  principal  items, 
and  the  cost  of  lubricants,  material  for  cleaning,  and  a  great  many 
other  small  miscellaneous  items,  all  going  to  form  what  are  commonly 
called  "  operating  charges."  In  all  cases  where  fuel  is  used  its  cost 
is,  if  not  the  most  important,  certainly  a  very  important  item.  In 
the  case  of  w  ater  powder,  where  the  fuel  element  is  zero,  the  advantage 
is  offset  by  an  interest  charge  on  the  cost  of  installation  for  dams, 
pipes,  tunnels,  shafts,  etc.  Assuming  that  power  from  all  of  these  dif- 
ferent sources  is  equally  well  adapted  to  the  particular  work  to  be  done 
and  equally  available,  then  that  system  w  ill  be  selected  for  any  par- 
ticular case  for  which  the  cost  of  power  is  least.  I^eaving  out  of 
consideration  water  power,  it  is  found  that  the  labor  costs  do  not 
differ  nearly  so  widely  for  the  different  systems,  nor  are  they  so  large, 
as  the  fuel  cost.  Therefore,  the  great  question  to-day  in  power  pro- 
duction as  regards  immediate  cost  of  power  and  maintenance  is  this 
lowering  of  the  fuel  cost. 

The  cost  of  fuel  per  unit  of  power  developed  depends,  first,  on  the 
market  price  of  that  fuel  at  the  point  where  it  is  to  be  used,  and  next, 
but  by  no  means  least,  on  the  ability  of  the  machinery  to  transform  the 
fuel  energy  into  useful  work.  If  all  the  different  kinds  of  machinery 
used  for  power  generation  could  turn  into  useful  work  the  same 
proportion  of  the  energy  in  the  fuel,  coal  would  l)e  almost  universally 
used,  because  of  the  present  low  cost  of  energy  in  this  form. 
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COMPABATIYE  COST  OF  EHEEOT  IN  DIFFEBENT  FUELS. 

The  different  kinds  of  fuel  contain  different  amounts  of  energy  per 
pound — that  is  to  say,  they  have  different  heating  powers.  Heat 
wiergy  is  measured  in  terms  of  a  technical  unit  called  by  English- 
speaking  people  the  "  British  thermal  unit"  (B.  T.  U.).  This  unit 
is  tlie  amount  of  heat  that  will  raise  the  temperature  of  1  pound  of 
water  1  degree  on  the  Fahrenheit  thermometer.  In  comparing,  there- 
fore, the  value  of  fuels  for  power  purposes  there  must  be  taken  into 
consideration  two  facts — ^the  market  price  of  the  fuel  and  the  amount 
of  heat  which  will  be  liberated  when  it  is  burned.  Anthracite  coal  in 
the  neighborhood  of  New  York  can  be  bought  in  small  sizes  in  large 
quantities  for  power  purposes  at  about  $2.50  per  ton.  This  coal  will 
contain  about  12,500  B.  T.  U.  per  pound.  This  is  equivalent  to  about 
10,000,000  heat  units  per  dollar.  Large  sizes,  such  as  egg  coal,  con- 
taining about  14,000  B.  T.  U.  per  ^x^und,  can  be  bought  in  large  quan- 
tities for  about  $6.25  per  ton,  which  is  equivalent  to  4,500,000  B.  T.  U. 
per  dollar.  Other  grades  of  anthracite  coal  and  the  various  grades 
and  qualities  of  bituminous  coal  will  lie  between  these  two  limits  of 
cost.  Illuminating  gas  in  New  York  costs  $1  per  1,000  cubic  feet,  which 
is  equivalent  to  about  500,000  heat  units  per  dollar.  Natural  gas  in 
the  Middle  States  is  sold  for  10  cents  per  1,000  cubic  feet  and  upward. 
This  fuel  at  the  minimum  price  will  furnish  about  10,000,000  heat 
units  for  a  dollar.  Crude  oil  sells  in  the  East  at  a  minimum  price  of 
4  cents  per  gallon,  which  is  equivalent  to  about  4,000,000  heat  units 
per  dollar.  Gasoline  sells  at  a  minimum  price  of  10  cents  per  gallon, 
which  is  equivalent  to  about  1,200,000  heat  units  per  dollar.  Kero- 
sene sells  from  10  to  30  cents  per  gallon,  which  is  equivalent  lo 
1,200,000  and  400,000  heat  units  per  dollar,  resj^ectively.  Grain 
alcohol,  such  as  will  be  freed  from  tax  under  the  recent  legislation, 
will  sell  for  an  unknown  price;  but  for  the  purpose  of  comparison, 
assuming  30  cents  per  gallon  as  a  minimum,  it  will  give  270,000  heat 
units  per  dollar.  Gasoline,  kerosene,  crude  oils,  and,  in  fact,  all  of 
the  distillates  have  about  the  same  amount  of  heat  per  pound;  there- 
fore, at  the  same  price  per  gallon,  ignoring  the  slight  difference  in 
density,  they  would  deliver  to  the  consumer  about  the  same  amount  of 
heat  per  dollar,  whereas  the  other  liquid  fuel,  alcohol,  if  sold  at  an 
equal  price,  would  give  the  consumer  only  about  three-fifths  the 
amount  of  heat  for  the  same  money.  From  the  figures  above  given 
it  appears  that  the  cost  of  heat  energy  contained  in  the  al)ove  fuels,  at 
the  fair  market  prices  given,  varies  widely,  lying  between  200,000 
heat  units  per  dollar  and  10,000,000  heat  units  per  dollar.  It  is  pos- 
sible to  buy  eight  times  as  much  energy  for  a  given  amount  of  money  in 
the  form  of  cheap  coal  as  in  the  form  of  low-priced  gasoline,  or  t wenty- 
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five  times  as  much  as  in  the  form  of  high-priced  gasoline  or  kerosene. 
Tliis  being  true,  it  might  seem  to  a  casual  observer  as  rather  strange 
that  gasoline  should  \)e  used  at  all,  and  the  fact  that  it  is  used  in 
competition  with  fuel  of  one-eighth  to  one  twenty-fifth  its  cost  shows 
clearly  that  either  the  gasoline  engine  has  some  characteristics  not 
j)ossessed  by  an  engine  or  plant  using  coal,  which  makes  it  able  to  do 
things  the  other  can  not  do,  or  that  more  of  the  heat  it  contains  can 
be  transformed  into  energj^  for  usefid  work.  Both  of  these  things 
are  true. 

THEBMAL  EFFICIENCY. 

^  A.s  was  pointed  out  before,  the  different  kinds  of  machinery  used 
to  generate  power  render  more  or  less  of  the  fuel  energy  into  useful 
work;  all  systems  do  not  give  equal  returns  for  equal  amounts  of 
heat  supplied.  If  all  the  heat  energy  in  fuel  were  transformed  into 
work  with  no  losses  whatever  in  the  mechanism,  the  machinery  would 
be  said  to  liaA-e  a  thermal  efficiency  of  100  per  cent,  and  it  would 
require  2,545  heat  units  per  hour  to  maintain  an  output  of  1  horse- 
power. If  half  of  the  energy  in  the  fuel  were  lost  in  the  machinery,  its 
th(Tmal  efficiency  would  be  said  to  be  50  per  cent,  and  there  would 
l)e  required  5,090  heat  units  per  hour.  If  only  1  per  cent  of  the  heat 
energy  in  the  fuel  were  transformed  into  useful  work,  the  efficiency 
of  the  machinery  or  power  plant  w^ould  be  said  to  be  1  per  cent,  and 
there  would  be  required  254,500  heat  units  per  hour  to  maintain  1 
horsepower. 

Steam  plants  in  use  represent  a  great  variety  of  styles  or  types, 
but  in  general  it  may  be  said  that  the  more  complicated  and  refined 
the  plant  and  the  larger  its  size  the  more  efficient  it  is,  because  the 
complication  exists  only  as  evidence  of  an  attempt  to  minimize  the 
losses  of  heat  in  the  machinery.  Similarly  the  more  steadily  the 
plant  works  at  the  output  for  which  it  was  designed  the  higher  the 
efficiency  of  the  plant,  and  conversely,  the  smaller  the  plant,  the 
simpler  the  apparatus,  or  the  more  intermittently  it  works,  the  lower 
its  efficiency.  Steam-power  plants  are  built  to-day  to  do  every  con- 
t'civable  sort  of  work,  and  range  in  size  from  1  horsepower  to 
100,000  horsejx)wer.  For  purposes  of  comparison  neither  the  largest 
nor  the  smallest  should  be  used,  nor  the  best  performance  nor  the  worst 
performance  of  these  plants,  but  a  figure  representing  a  fair  average 
for  the  conditions  named  should  be  taken.  I^rge  steam  plants  in 
their  daily  work  seldom  use  less  than  2  pounds  of  poor  coal  per  hour 
for  each  useful  horsepower  (known  as  a  brake  horsepower),  w*hich 
is  equivalent  to  about  25,000  B.  T.  U.  per  hour,  and  which  corre- 
sponds to  about  10  per  cent  thermal  efficiency.  Small  steam  plants 
working  intermitttently,  such  as  hoisting  engines,  may  use  as  high  as 
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7  pounds  of  coal  per  brake  horsepower,  which  is  equivalent  to  about 
100,000  heat  units  per  brake  horsepower  hour,  or  2.5  per  cent  thermal 
efficiency.  Some  plants  will  do  better  than  the  above  with  proper 
conditions,  and  some  may  do  worse,  but  in  general  it  may  be  said 
that  the  performances  of  steam  plants  lie  between  the  limits  of  2.5 
and  10  per  cent  thermal  efficiency. 

Plants  consisting  of  gas  producers. for  transforming  coal  into  gas 
for  use  in  gas  engines  have  in  general  a  much  higher  thermal  effi- 
ciency than  steam  plants  doing  the  same  work.  They  are,  how- 
ever, not  built  quite  so  small  as  steam  plants,  the  smallest  being 
about  25  horsepower,  and  in  general  they  have  not  been  built  so 
large,  the  largest  being  only  a  few  thousand  horsepower.  Their 
efficiency,  however,  does  not  vary  so  much  as  is  the  case  with  steam 
plants.  It  may  be  fair  to  say  that  under  the  same  conditions  as 
above  outlined  these  plants  will  use  1^  to  2  pounds  of  coal  of  fair 
or  poor  quality  per  brake  horsepower  hour,  which  gives  a  thermal 
efficiency  ranging  from  18  to  10  per  cent.  These  plants  can  be  made 
to  do  much  better  than  this,  and  perhaps  may  do  worse,  although  the 
variation  is  not  nearly  so  great  as  for  steam  plants. 

Gas  engines  operating  on  natural  gas  or  on  illuminating  gas  from 
city  mains  will,  on  fluctuation  of  load  with  the  regular  work,  aver- 
age about  12,000  heat  units  per  brake  horsepower  hour,  or  20  per 
cent  thermal  efficiency.  Exploding  engines  operating  on  crude  oil 
will  average  about  25,000  heat  units  per  brake  horsepower  hour, 
which  is  equivalent  to  about  10  per  cent  thermal  efficiency.  Explod- 
ing engines  using  gasoline  should  operate  at  a  thermal  efficiency  of 
about  19  per  cent  under  similar  operating  conditions. 

The  efficiency  of  an  alcohol  engine  may  be  assumed  at  this  time  to 
be  unknown,  but  as  alcohol  can  be  burned  in  engines  designed  for 
gasoline,  it  may  be  assumed  that  such  an  engine  will  have  with  alco- 
hol fuel  the  same  thermal  efficiency  as  with  gasoline,  to  wit,  19  per 
cent  for  fair  working  conditions. 

From  the  above  brief  discussion  of  the  efficiency  of  different  meth- 
ods of  power  generation  from  different  fuels  it  appears  that  quite 
a  range  is  possible,  though  not  so  great  a  range  as  exists  in  the  case  of 
cost  of  fuel  energy.  Efficiency  is  seen  to  lie  somewhere  between  2^ 
and  20  per  cent  for  all  the  fuels  under  working  conditions.  It  is 
known  that  actual  thermal  efficiency  under  bad  conditions  may  be 
less  than  1  per  cent  and  under  the  best  conditions  as  high  as  40  per 
cent,  but  these  are  rare  and  unusual  cases.  The  range  given  is  suf- 
ficient to  indicate  that  a  highly  efficient  method  may  make  the  fuel 
cost  per  unit  of  power  less  with  quite  expensive  fuel  than  it  would 
be  with  cheaper  fuel  used  in  a  less  efficient  machine.  It  is  also  per- 
fectfy  dear  that  without  proper  information  on  the  efficiency  of  the 
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machine  or  the  efficiency  of  the  plant  it  is  impossible  to  tell  what  the 
cost  of  fuel  per  horsepower  hour  will  be,  even  though  the  price  of 
the  fuel  per  ton  or  per  gallon  be  known.  From  the  figures  given  on 
the  cost  of  fuel  and  a  fair  average  for  plant  efficiency  the  cost  of  fuel 
per  horsepower  hour  is  computed  as  given  in  the  following  tables : 

Cost  of  energy  in  fuels. 


Kind  (»f  fuel. 


Small  anthracites . 
Large  anthracite . 
ninminating  gun . 

Natural^ 

Crude  oil 

Kerosene 

Do 

Gasoline 

Do 

Grain  aloohol 

Do 


Cost  of  fuel. 


%2. 50  per  ton 

6.26]>ertan 

1.00  per  1,000  cubic  feet 
.  10  per  1,000  cubic  feet 

.  04  per  gallon 

.  10  per  gallon 

.  30  per  gallon 

.10  per  gallon 

.  30  per  gallon 

.30  per  gallon 

.  40  per  gallon 


British  thermal  anfts 
(B.T.  U.). 


12..'S00  per 
14,000  per 
560  per 
1,000  per 
20,000  per 
20.000  per 
20,000  per 
20,000  per 
20.000  per 
12.000  per 
12,000  per 


pound 

pound 

cubic  foot 
cable  foot 
pound..... 

pound 

pound 

poand 

pound..... 

pound 

pound 


Number  ol 
B.  T.  U. 
bought 
forll. 


10. 000. 000 

4, 600.001 

&60.0M 

1O.O0O.0QI 
S,  660. 000 

'400,000 

1,200,000 

400.000 

270.000 

200,000 


Furl  cost  (if  poire V. 


Ftiol  an<l  tyi>e  of  plant. 


Anthracite  coal: 

Large  steam  plant. . 

Small  steam  plant.. 

Do 

l^oducer  gds  plant . 

Do 

Do 

Do 

niuminatiiig  gas 

Crude  oil 

Qafiolino 

Do 

Alcohol 

Do 


British 

j  Fuel  required      ^^«"°tl 
per  horsepower!  „"?J^  ^^^^ 
per  hour.       ^"ired  per 
^  honiepwwer 

i      hour. 


2  pounds 

25. 

2  pounds 

25, 

7  pounds 

100, 

7  pounds 

100, 

Impounds 

14, 

li  pounds  — 

14, 

2  pounds 

25, 

2  pounds 

24  cubic  feet. . 

25, 
12, 

1.4pint8 

25; 

1.1  pints 

13, 

1.1  pints 

13, 

»,000 
>,000 
1,000 
»,000 
1,000 
i,000 
sOOO 
»,000 
!,000 
»,000 
,400 
,400 


Thermal 
efficien- 
cy. 


Per  cent. 
10 
10 
21 
2* 
18 
18 
10 
10 
20 
10 
19 
19 
a  19 
a  19 


Cofit  of  fuel. 


$2. 50  per  ton 

6. 25  per  ton 

2. 50  per  ton 

6.25  per  ton 

2. 50  per  ton 

6. 25  per  ton 

2. 50  per  ton 

6. 25  per  ton 

1. 00  perl,  000  cubic  feet 

.04  per  gallon 

.  15  per  gallon 

.30  per  gallon 

.  30  per  gallon 

.  40  per  gallon 


Cost  of 
fuel  per 
hone- 
power 
per  hoar. 


CenU. 

a» 

.57 

1.00 

2.20 

.14 

.31 

.tf 

.67 

2.90 


1.70 
3.40 
5.00 
6.70 


•  lOfBciency  of  alcohol  Is  assume<]  to  be  the  same  as  that  of  gasoline  for  identical  condi- 
tions of  u.se. 

ADAPTABILITY  OF  VARIOUS  TYPES  OF  ENGINES. 

The  foregoing  table  shows  very  clearly  that  the  cost  for  fuel  to 
maintain  a  brake  horsepower  for  one  hour  varies  widely,  and  at  the 
prices  given  the  dearest  costs  nearly  48  times  as  much  as  the  cheap- 
est. The  fact  that  not  everybody  uses  the  fuel  giving  the  cheapest 
power  in  point  of  fuel  cost,  but  that  even  the  most  expensive  finds 
a  ready  market,  makes  it  clear  that  there  must  l>e  good  reasons.  These 
reasons  may  lx»  found  in  local  variations  in  price  of  fuel,  in  dif- 
ferences in  adaptability  of  the  engines  to  the  work  required,  and 
in  the  fact  that  the  above  figures  show  fuel  cost  only,  whereas  there 
are  great  differences  in  the  cost  of  attendance.  An  elaborate  steam 
plant,  to  be  even  fairly  efficient,  must  be  continuously  operated  at 
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fairly  heavy  load;  intermittent  working  or  working  at  a  decreased 
output  makes  them  wasteful  of  fuel.  Moreover,  the  apparatus  is  so 
complicated,  slow  to  start  up,  and  dangerous  to  life  and  property  in 
careless  or  inexperienced  hands  that  persons  must  become  skilled  by 
years  of  study  and  practice  before  they  may  be  allowed  the  handling. 

The  gas  engine  with  its  producer  can  handle  to-day  the  same  kind 
of  coal  that  is  used  in  steam  plants,  and  yet  the  weight  of  this  appa- 
ratus and  its  lack  of  flexibility,  compared  with  steam  engines,  make 
it  unavailable  for  steamships  and  locomotives;  so  it  is  clear  again 
that  adaptability  to  service  is  even  more  important  than  the  cost  of 
fuel.  Similarly,  gas-producer  plants  have  not  yet  been  successful 
for  sizes  smaller  than  25  horsepower,  and  especially  unsuccessful 
have  they  been  so  far  for  intermittent  work.  For  the  small  sizes  the 
steam  plant  is  also  very  wasteful  of  fuel,  requires  a  skilled  operator, 
and  is  slow  in  starting;  so  it  is  clear  why  engines  burning  crude  oil, 
gasoline,  kerosene,  and  other  liquid  fuels  explosively  should  be  used 
for  light  work  in  Isolated  situations  where  the  work  is  intermittent 
and  where  quick  starting  and  small  care  in  attendance  are  essential. 
In  this  connection  it  must  not  be  forgotten  that  a  kerosene,  gasoline, 
or  crude-oil  engine  can  be  started  in  a  few  minutes  and  can  even  be 
left  running  for  practically  a  whole  day  with  only  an  occasional  ex- 
amination to  see  that  the  oil  cups  are  flowing  properly  and  the  bear- 
ings are  not  getting  hot  through  being  dirty.  Steam  engines  with 
their  boilers,  on  the  contrary,  can  not  be  started  inside  of  one  or  two 
hours,  and  all  the  fuel  necessary  to  raise  steam  is  wasted  so  far  as  the 
work  to  be  done  is  concerned.  Moreover,  a  steam  engine  requires 
continuous  feeding  of  coal  and  close  attention,  so  that  a  man  must 
be  always  near  it,  having  no  other  duties  but  its  care. 

In  the  natural-gas  regions  a  large  numl)er  of  gas  engines  are  work- 
ing and  in  the  oil  regions  a  similar  number  of  oil  engines  and  gaso- 
line engines,  because  the  nearness  to  the  supply  makes  the  fuel 
cheaper  than  transported  fuel,  and  the  exploding  engine  is  more  effi- 
cient than  the  steam  engine. 

It  thus  appears  that  in  spite  of  the  fact  that  the  fuel  element  in 
the  cost  of  power  is  high  for  engines  burning  crude  oil,  kerosene,  and 
gasoline  in  comparison  with  those  using  coal,  at  the  same  time  they 
possess  advantages  that  do  not  exist  in  steam  plants  and  gas-pro- 
ducer plants,  which  give  them  a  very  distinct  field,  as  indicated  by 
the  following  uses  to  which  these  engines  are  being  put  t^-day: 
Driving  boats,  automobiles,  and  railroad  motor  cars;  pumping  water 
for  private  houses,  for  farms,  for  irrigation,  and  in  some  cases  for 
municipal  service  in  small  towns;  compressing  air  for  drilling,  hoist- 
ing, riveting,  etc.;  operating  small  carpenter  shops,  machine  shops, 
forge  sbops,  and,  in  fact,  any  kind  of  small  shop ;  operating  v  i- 
lating  fans  in  buildings  and  in  mines ;  running  small  factories,  su 
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as  creameries  and  butter  factories ;  operating  feed-cutting  and  grind.- 
ing  machinery,  com  shredders,  and  thrashing  machines;  operating 
other  special  machines,  such  as  ice-cream  freezers,  printing  presses, 
mostly  small  in  size,  and  making  electric  light  in  isolated  localities. 
Not  only  is  this  field  a  real  one,  but  it  is  a  large  one,  as  is  shown  by 
the  number  of  these  small  engines  being  sold  to-day;  The  exact 
figures  on  the  sales  are  not  available  and  it  is  impossible  to  secure 
them  because  of  the  unwillingness  of  manufacturers  to  tell  their 
business;  but  when  a  single  manufacturer  (as  is  the  case)  is  selling 
425  per  day,  and  there  are  in  the  United  States  alone  some  300  man- 
ufacturers of  importance,  there  can  be  no  doubt  as  to  the  popularity 
of  these  machines. 

Alcohol  at  a  price  unknown  now  becomes  available  for  use  in  en- 
gines, whose  peculiarities  are  not  fully  known  and  whose  ability  to 
transform  heat  into  work  is  correspondingly  in  question.  If  the 
alcohol  engine  can  be  shown  to  have  an  efficiency  as  high  or  higher 
than  other  liquid-fuel  engines  and  be  similar  in  type  and  character- 
istics, it  can  do  all  that  they  can  do,  and  its  field  will  be  the  same 
as  their  field  in  spite  of  fuel  costs;  but  by  field  is  meant  the  nature 
of  the  work  rather  than  the  geographical  location.  It  is  likely  that 
the  alcohol  engine  will  find  as  favorable  a  geographical  location  as 
the  natural-gas  engine  and  the  oil  engine  have  near  the  source  of 
supply  and  far  from  the  source  of  competing  supply.  But  should 
it  appear  that  the  alcohol  engine  can  do  more  or  better  work  than  its 
oil  or  gasoline  competitors,  its  field  will  be  wider.  In  any  case  the 
position  which  the  alcohol  engine  may  take  to-day  is  no  criterion  as 
to  its  future,  because  it  will  operate  on  a  source  of  energy  or  fuel 
supply  which,  as  pointed  out,  is  inexhaustible,  whereas  the  supply 
of  both  crude  oil  and  its  distillates  may  ultimately  become  exhausted. 

The  determination,  then,  of  the  position  of  the  alcohol  engine 
to-day  involves  a  forecast  of  the  future,  and  should  it  be  shown  to  be 
able  to  compete  now  it  must  inevitably  reach  a  stronger  and  more 
important  industrial  position  as  time  goes  on.  This  is  the  fact  that 
has  led  governments  to  take  up  the  question,  and  among  them  the 
United  States  is  the  latest. 

FIKST  USE  OF  ALCOHOL  ENOIHES. 

About  the  year  1876  there  was  placed  on  the  American  market 
the  firsl  successful  internal-combustion  engine  using  petroleum  dis- 
tillate. Tliis  engine  was  invented  by  George  Brayton.  Following 
the  attempt  of  Brayton  to  use  petroleum  distillate  came  a  series  of 
inventions  improving  this  class  of  engine,  lasting  for  about  twenty 
years,  when  the  modern  forms  of  kerosene,  gasoline,  and  erude-oU 
engines  may  be  said  to  have  been  developed.  During  this  time  the 
subject  of  alcohol  as  fuel  in  engines  seems  to  have  been  either  not 
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thought  of  at  all  or  not  given  any  attention.  The  first  serious  at- 
tempt to  examine  into  the  possibility  of  alcohol  as  a  fuel  in  competi- 
tion with  petroleum  and  its  distillates  seems  to  have  been  made  in  the 
year  1804  in  Leipzig,  Germany,  by  Professor  Hartman .  for  the 
Deutschen  Landwirtschafts-Gesellschaft.  The  engine  used  was  built 
by  Grobb,  of  Leipzig,  to  operate  on  kerosene,  and  used  425  grams  of 
kerosene  per  hour  per  brake  horsepower,  which  is  equivalent  to 
0.935  pound,  or  1.1  pints,  approximately.  This  indicates  for  the 
kerosene  a  thermal  efficiency  of  13.6  per  cent.  When  operating  on 
alcohol  the  engine  used  about  twice  as  much,  or  839  grams,  which  with 
this  kind  of  alcohol  was  equivalent  to  a  thermal  efficiency  of  12.2 
per  cent,  or  a  little  less  than  with  kerosene.  This  experiment  would 
seem  to  indicate  that,  compared  with  kerosene,  alcohol,  as  a  fuel, 
offered  very  little  chance  for  successful  competition.  In  spite  of  . 
this,  however,  very  vigorous  efforts  were  made  to  develop  an  alcohol 
engine  that  would  be  better  than  this  one,  and  thus  was  inaugurated 
a  remarkable  series  of  experiments,  congresses,  and  exhibitions  with 
the  one  end  in  view — of  stimulating  the  production  of  the  best  possi- 
ble alcohol  motor. 

The  first  stimulus  was  given  by  the  German  alcohol  distillers,  who 
sought  to  enlarge  their  market.  They  succeeded  in  interesting  the 
German  Government  in  the  question  by  enlarging  on  the  national 
significance  of  having  available  a  source  of  fuel  for  power,  inexhaust- 
ible in  quantity,  to  be  produced  within  the  national  domain  from  the 
yearly  crops.  Under  the  double  stimulus  of  government  assistance 
and  the  desire  of  the  distillers  to  increase  their  output,  inventors  and 
manufacturers  were  induced  to  spend  their  time  and  money  with  a 
resulting  decided  improvement  in  the  motor.  An  engine  built  by 
Korting  Brothers,  of  Hanover,  fitted  with  a  vaporizer  invented  by 
Petreano,  tested  at  the  Polytechnic  School  at  Charlottenburg  by  Pro- 
fessor Slaby  showed  a  consumption  of  550  grams  of  86.2  per  cent 
alcohol  by  weight,  which  is  equivalent  to  1.21  pounds,  or  1.4  pints, 
or  a  thermal  efficiency  of  17.5  per  cent.  This  result  showed  an 
advance  of  nearly  50  per  cent  in  thermal  efficiency  over  the  Grobb 
engine  tested  a  year  or  so  earlier  by  Professor  Hartmann.  Following 
this  improvement  there  resulted  a  continual  development  of  the 
alcohol  motor,  interest  in  which  was  kept  up  by  exhibitions  in  which 
prizes  were  offered  and  by  scientific  societies.  The  most  important 
of  these  are  given  below  . 

Exhibition  at  Halle-on-Saal,  Germany,  June  i:M8,  1901. 

Bxhibition  (national)  at  Paris,  France,  November  16-24,  1901. 

Exbibition  at  BerHn,  Germany,  February  8-16,  1902. 

Exhibition  (international   at  Paris.  France,  May  24-Jiine  1,  1902. 

Exhibition  at  Madrid,  Spain,  late  in  the  year  1902. 

Gongress  at  Montpellier,  October  11-21,  1902. 

OonicreBS  at  Paris,  France,  March  11-17,  1902. 

Bxhibition  (totemational)  at  Vienna,  Austria,  April  2-June  12,  1004. 

BzMbitlon  at  Rome,  Italy,  February  0-16,  1904. 
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Besides  the  above  named,  there  were  many  others  of  lesser  im- 
portance, all  contributing  to  the  rapid  development  of  this  class  of 
machine. 

The  results  of  this  development  may  be  sunmied  up  by  saying 
that  the  thermal  efficiency  of  the  motor  was  raised  to  something 
over  30  per  cent,  which  is  quite  a  remarkable  showing  in  comparison 
with  the  original  figure  of  12.2  per  cent  in  1894.  It  must  be  clearly 
imderstood,  however,  in  interpreting  these  figures  that  they  are  the 
best  possible  attainable  at  the  time  reported.  They  indicate,  so  far 
as  the  fuel  costs  are  concerned,  that  with  a  motor  specially  con- 
structed for  alcohol  the  fuel  prices  per  gallon  might  be  twice  as 
much  for  alcohol  as  for  petroleum  distillate  and  still  give  power  for 
less  money,  assuming  that  attendance,  repairs,  lubrication,  etc.,  cost 
no  more  in  the  case  of  the  alcohol  engine. 

The  Office  of  Experiment  Stations  of  this  Department,  in  connection 
with  its  Irrigation  and  Drainage  Investigations,  has  tested  a  number 
of  different  types  of  gasoline  engines  with  alcohol  and  obtained  figures 
which  show  the  comparative  consumption  of  gasoline  and  alcohol  in 
the  same  engine.  The  detailed  results  of  these  tests  will  be  published 
in  a  technical  bulletin,  but  the  general  results  may  be  given  here. 
The  first  tests  were  made  without  any  particular  attempt  at  obtain- 
ing the  be.st  adjustment  of  the  engine  for  each  fuel,  and  showed  a 
(consumption  of  alcohol  two  to  three  times  as  great  by  weight  per 
horsepower  hour  as  was  necessary  with  gasoline  or  kerosene.  These 
figures  indicate  the  necessity  or  desirability  of  determining  the  proper 
conditions  of  adjustment,  because  these  were  found  to  have  a  serious 
influence  on  the  amount  of  fuel  consumed.  With  care  in  adjusting 
the  engine  so  as  to  secure  the  most  economical  use  of  the  alcohol, 
it  was  found  that,  under  like  conditions,  a  small  engine  consumed 
1.23  pounds  of  alcohol  to  0.60  pound  of  gasoline  per  brake  horse- 
power hour — that  is  to  say,  with  the  best  adjustment  of  the  engine 
for  each  fuel  there  was  required  1.8  times  as  much  alcohol  by  weight 
as  gasoline  per  brake  horsepower  hour.  It  was  also  shown  in  mak- 
ing this  adjustment  that  it  was  possible  to  burn  more  than  twice  as 
much  alcohol  as  stated,  by  improper  adjustments,  and  still  have  the 
engine  working  in  an  apparently  satisfactory  way.  The  range  of 
excess  gasoline  which  might  be  burned  without  interfering  seri- 
ously with  the  working  of  the  engine  was  not  so  great,  being  a  little 
less  than  twice  as  much  as  the  minimum.  These  early  experiments, 
therefore,  confirmed  the  early  results  secured  in  Germany,  to  wit, 
that  an  engine  built  for  gasoline  or  kerosene  will,  when  unchanged, 
require  about  twice  as  much  alcohol  by  weight  for  the  .same  work; 
but  they  also  indicate   something  that  is  not   pointed  out   by  the 
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reports    sent    us   from    abroad — that   is,    the    great    importance    of 
securing  the  best  adjustment  of  the  machine. 

To  understand  why  this  adjustment  of  the  machine  can  have  such 
a  serious  effect  and  at  the  same  time  understand  why  exploitation 
and  study  were  successful  abroad  in  raising  the  efficiency  of  the 
alcohol  engine  from  12.2  to  over  30  per  cent  in  five  or  six  years 
requires  a  knowledge  of  technology.  The  reasons  can  only  become 
clear  to  one  understanding  the  mechanism  of  these  engines  and 
to  one  familiar  with  the  chemistry  of  the  fuels  and  the  physical 
theories  of  explosive  combustion. 

ELEMENT  ART  ENGINE  MECHANISM. 

Every  exploding  engine  operating  with  crude  oil  or  its  distillates, 
or  alcohol,  must  have  certain  parts,  no  matter  how  different  engines 
may  vary  in  other  details.  These  parts  are  a  cylinder  in  which  a 
sliding  plug  or  piston  works  back  and  forth,  carrying  a  pin  called  tlie 
wrist  pin,  to  which  is  fastened  a  connecting  rod,  the  other  end  of 
which  fits  in  another  pin  called  a  crank  pin.  This  crank  pin  is  at  one 
end  of  an  arm  called  the  crank,  on  the  other  end  of  which  is  the 
shaft  or  crank  shaft.  The  piston  moves  back  and  forth  in  the  cyl- 
inder, but  when  nearest  the  cylinder  head  there  is  still  some  space 
left  between  the  walls,  valves,  and  the  piston  head.  This  space  is 
called  the  clearance,  or  the  explosion  chamber,  and  is  the  space  in 
which  the  charge  is  compressed  before  it  is  exploded.  In  the  clear- 
ance walls  or  cylinder  head  there  are  two  valves  in  the  form  of  disks, 
which  cover  the  openings  or  ports.  Through  one  of  the  valves  an  ex- 
plosive mixture,  having  certain  characteristics  to  be  explained  later, 
is  admitted  from  the  source  of  fuel  supply  and  from  the  air. 
Through  the  other  valve  the  products  of  combustion  after  an  explo- 
sion are  expelled.  Their  duty  gives  these  valves  the  names  of  inlet 
and  exhaust  valves,  respectively.  Four  strokes  are  usually  required 
to  complete  the  cycle  of  events  occurring  within  the  cylinder,  and  to 
engines  requiring  these  four  strokes  the  name  four-stroke  cycle  or 
four  cycle  is  given.  There  are  certain  other  engines  with  different 
valve  arrangements,  which  may  complete  a  series  of  oj^erations  in 
two  strokes  and  these  aro  called  two-cycle  engines. 
^  The  series  of  operations  requiring  four  strokes  is  best  illustrated 
by  a  set  of  diagrams.  In  figures  1  to  4  is  shown  a  cylinder  with  the 
parts  connected  to' it.  On  the  first  stroke  or  outstroke  (fig.  1)  the 
piston  is  drawn  forward  either  by  hand  when  starting  or  by  the 
action  of  fly  wheels  after  the  engine  is  put  in  motion.  This  moving 
forward  of  the  piston  is  accompanied  by  an  opening  of  the  inlet 
valve,  permitting  the  explosive  ihixture  to  follow  the  piston  and  fill 
the  cylinder.     The  clearance  space,  before  this  suction  stroke  begins, 
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is  filled  with  burnt  gases  from  the  previous  explosion,  so  that  the 
amount  of  mixture  drawn  in  will  be  equal  to  the  volume  displaced 
by  the  piston,  and  this  fresh  mixture  will  be  mixed  with  some  burnt 
gases.  At  the  end  of  suction  the  inlet  valve  is  closed  and  compres- 
sion begins  (fig.  2),  continuing  through  the  second  stroke.  During 
this  process  both  valves  are  closed  and  the  fresh  charge,  together  with 
the  residue  of  burnt  gases,  is  squeezed  into  the  clearance  space  so 
that  it  will  have  as  a  result  a  considerable  pressure,  called  the  com- 
pression pressure,  preparatory  to  exploding.  At  the  end  of  compres- 
sion an  electric  spark  explodes  the  charge,  causing  the  pressure  to  rise 
two  to  four  and  one-half  times  the  compression  pressure.  This  high 
pre.ssure  in  the  clearance  space  will  then  drive  the  piston  forward. 
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Fi«>.  1.— Diagram  ^showing  mechani(<in  of  internal  combuHtion  engine — suctioii  Btroke. 
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Fig.  2.— Diagram  showing  mechanism  of  internal  eombustion  engine — compression  stroke. 

This  stroke,  the  third  or  out  stroke  (fig.  3),  is  accomplished  by  the  high 
pressure  of  the  gases  filling  the  explosion  chamber  and  during  the 
progress  of  the  piston  the  pressure  gradually  falls,  as  expansion  takes 
place.  During  this  time  both  valves  are  closed,  as  during  the  com- 
pression. At  the  end  of  the  expansion  (fig.  4)  the  exhaust  valve 
opens  and  the  piston  returns  under  the  influence  of  the  fly  wheel, 
which  has  been  spun  around  by  the  explosion, 'giving  the  fourth 
stroke  or  instroke.  The  exhaust  valve  being  open  for  this  stroke, 
most  of  the  burnt  gases  are  expelled,  but  some  are  retained  in  the 
clearance.  After  this  the  fifth  stroke  begins,  which  is  the  same  as 
the  fii-st  stroke,  and  subsequently  the  whole  series  repeats  itself  in- 
definitely and  automatically. 
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While  the  above  operations  are  usual  and  the  above  parts  are  like- 
wise important,  an  engine  having  no  more  mechanism  than  is  shown 
would  not  run.  There  will  be  required  in  addition  to  what  is 
shown  a  valve  gear,  which  is  a  mechanism  for  opening  and  closing 
the  valves  at  tlie  proper  time.  There  must  be  also  some  device  for 
making  a  mixture  having  the  proper  characteristics  for  explosion. 
This  mixture  will  consist  of  air  and  the  vapor  of  the  liquid  fuel,  so 
that  there  must  be  supplied  a  carbureter,  which  vaporizes  and  mixes 
at  the  same  time,  or  a  vaporizer  which  vaporizes  without  mixing. 
Tliere  must  also  be  a  mechanism  for  automatically  producing  an 
electric  spark  at  the  proper  time.  This,  constitutes  an  igniting  gear. 
The  explosions  will  heat  the  cylinder  so  much  that  a  lubricating  oil 
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Fig.  4.— Diagram  nliowing  niwhanisnj  <»f  iutornul  f«unbustir)n  eiigiuc — exhaust  stroke. 

will  burn  and  the  piston  stick;  therefore  some  cooling  device  must 
be  supplied,  generally  in  the  form  of  a  jacket  surrounding  the  whole 
cylinder  and  containing  water.  If  the  engine  is  to  do  stationary 
work  it  must  operate  at  a  constant  or  nearly  constant  speed,  regard- 
less of  the  amount  of  work  done.  This  requires  a  governor.  The 
explosions  are  very  loud;  therefore  such  engines  are  equipped  with 
a  "  muffler  "  to  lessen  the  noise.  The  nibbing  parts,  viz,  the  piston, 
the  main  bearings,  and  the  crank  shaft,  wrist  pin,  crank  pin,  valve 
gear,  igniting  gear,  governor,  etc.,  must  all  be  lubricated  to  prevent 
overheating  and  undue  wear,  so  that  a  lubrication  system  is  required. 
Different  makes  of  engines  differ  in  the  above  details.  All  have 
some  provision  for  performing  what  is  pointed  out  as  necessary,  and 
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it  is  here  that  inventors  and  engineers  exhibit  their  skill.  All  of 
these  engines  work  as  a  result  of  the  combustion  of  the  explosire 
mixture  of  vapor  and  air,  and  a  proper  imderstanding  of  how  the 
various  styles  of  mechanism  or  changes  in  detail  may  affect  the  en- 
gine, requires  a  preliminary  knowledge  of  their  effect  upon  the 
explosive  mixture. 

EXPLOSIVE  MIXTUBES. 

It  is  easy  to  understand  how  an  engine  may  oi^)erate  without  un- 
derstanding the  well-known  facts  concerning  explosive  mixtures; 
but  it  is  impossible  to  comprehend  why  engines  should  differ  in  fuel 
consum23tion  or  horsepower,  good  regulation,  or  any  other  character- 
istic without  first  studying  in  detail  the  influence  of  the  mechanism 
on  the  composition  of  the  explosive  mixture. 

Any  fuel  will  burn  when  there  is  oxygen  present  in  proper  quantity 
and  when  the  fuel  has  previously  been  heated  sufficiently.  This  is 
true  for  any  kind  of  combustion,  such  as  the  burning  of  vrood,  coal, 
oil  in  a  lamp  or  cook  stove,  or  gas  issuing  from  an  illuminating  jet,  as 
well  as  mixtures  in  exi)loding  engines.  AMien  a  fuel  is  mixed  with 
air  containing  the  right  amount  of  oxygen,  or  mixed  with  any  solid 
or  liquid  containing  oxygen  in  the  right  amount,  then  explosive  com- 
,  bustion  is  possible.  If  such  a  mixture  be  ignited  at  one  point  by  heat- 
ing it  by  a  flame,  a  hot  plate,  or  an  electric  spark,  the  combustion 
will  travel  through  the  entire  mass  of  its  own  accord.  Otherwise 
stated,  the  combustion  will  1k^  self -propagating.  When  a  mixture  has 
this  property  of  self -propagation  of  combustion  it  may  be  said  to 
be  explosive,  whether  the  propagation  be  fast  or  slow  or  whether  the 
explosion  be  accompanied  by  noise  or  not.  Gunpowder  consists  of 
fuel  in  the  form  of  carbon  or  charcoal,  together  with  a  little  sulphur 
and  a  salt,  such  as  a  nitrate,  containing  oxygen.  A  long  train  of 
powder  will  completely  inflame  itself  if  lighted  at  one  point.  If  the 
powder  be  of  good  quality  and  pure,  the  flame  will  propagate  very 
rapidly.  If,  however,  the  powder  have  some  sand  or  dirt  mixed  with 
it,  the  flame  nuiy  still  propagate,  but  more  slowly,  and  finally,  if 
there  is  too  nmch  dirt  or  inactive  nuiterial  present,  it  will  be  im- 
possible to  ignite  the  whole  mass  by  self-propagation.  Engine  mix- 
tures do  not  consist  of  solid  fuel  like  gunpowder  with  oxygen  in  the 
nitrate  form,  but  on  the  contrary  consist  always  of  gaseous  fuel  or 
liquid  fuel  vapor  mixed  with  air.  The  combustion  of  ga.seous  mix- 
tures is  very  much  the  same  in  nature  as  the  combustion  of  gun- 
powder, which  is  not  thought  of  as  a  mixture  but  which  really  is. 
If  a  mass  of  explosive  mixture  be  contained  in  a  vessel  or  in  a  gla&s 
tube  and  be  ignited  at  one  end  of  the  -tube,  the  eye  can  distinctly 
follow  a  flame  traveling  through  the  tube.  The  entire  tube  does  not 
show  a  flame  at  any  one  time,  but  instead  it  will  be  found  that  the 
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flame  is  in  the  form  of  a  disc  or  cap  and  that  this  flame  cap  travels 
through  the  tube,  the  flame  cap  being  blue  in  color,  with  slight  varia- 
tions. When  it  has  traveled  past  a  certain  point  all  the  mixture  be- 
tween that  point  and  the  place  where  the  combustion  started  is  burnt, 
and  all  the  mixture  beyond  the  flame  cap  is  still  unburncd. 

LIMITS    OF    FBOPOBTION. 

When  the  air  and  vapor  are  mixed  in  just  the  proportion  known  to 
be  chemically  correct  the  mixture  is  explosive.  If  it  contains  a 
small  excess  of  fuel — that  is  to  say,  a  little  more  fuel  than  the  air 
present  will  bum — it  may  still  be  explosive,  but  much  excess  of  fuel 
will  cause  it  to  cease  being  explosive.  There .  is  thus  a  high  limit 
to  the  explosive  proportions.  Similarly,  if  there  is  present  a  little 
more  air  than  is  necessary  to  burn  the  vajx)r,  the  mixture  will  be 
explosive,  but  much  excess  of  air  will  make  it  nonexplosive;  and 
therefore  there  is  a  low  limit  to  the  proportions  for  explosive  com- 
bustion. Mixtures  of  all  i)roportions  between  the  high  and  low  limits 
will  burn  explosively.  If  to  any  explosive  mixture  there  is  added 
some  inactive  gas,  such  as  nitrogen,  carbonic-acid  gas,  steam,  or  the 
products  of  combustion  of  a  previous  explosion,  the  mixture  will 
not  burn  so  well  as  without  this  neutral  addition.  If  there  is  much 
neutral  added,  it  will  be  found  that  the  mixture  is  no  longer  explosive, 
although  the  proportions  of  air  to  vapor  are  quite  right  chemically. 
Thus  there  is  a  third  limit  by  neutral  dilution.  Therefore,  for  a 
mixture  to  be  explosive  it  must  contain  air  and  vapor,  though  not  too 
much  air,  gas,  or  neutral.  A  mixture  which  by  reason  of  its  pro- 
portions is  beyond  the  range  of  explosive  combustion  may  be  i^n- 
dered  explosive  by  compressing  it  without  in  any  way  changing  the 
proportions  of  air  to  gas  or  the  amount  of  neutral  present,  and  the 
more  it  is  compressed  the  more  rapid  will  this  self -propagated  com- 
bustion be.  Temperature  has  a  similar  effect  on  the  limiting  pix)- 
portions. 

TEMPERATURE  OF  IGNITION. 

By  careful  experimenting  in  scientific  laboratories^  it  has  l>oon 
found  that  explosive  mixtures  of  different  fuels  do  not  all  ignite 
at  the  same  temperature;  that  some,  for  instance,  must  be  heated 
to  a  higher  temperature  than  others  to  start  combustion.  It  has  been 
found  also  that  the  temperature  of  ignition  is  lower  for  any  given 
fuel  when  there  is  just  a  little  excess  of  fuel  in  the  mixture.  If  the 
mixture  contain  much  excess  of  fuel,  it  must  be  heated  to  a  higher 
temperature  before  ignition  can  be  staried.  The  tem^^erature  of 
ignition  for  any  mixture  will  not  be  raised  by  adding  inactive  gas 
or  by  changing  properties,  but  it  may  take  a  longer  time  to  ignite 
when  weak. 
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It  has  been  found  that  raising  the  pressure  or  raising  the  tem- 
perature of  the  mass  before  attempting  to  ignite  it  will  cause  it  to 
apparently  ignite  more  easily.  The  time  necessary  to  start  ignition 
is  lessened  if  the  mixture  be  confined  so  that  it  can  not  circulate.  It 
appears  that  a  mass  of  mixture  being  heated  at  one  point  in  an 
attempt  to  ignite  it  acts  very  much  like  the  air  in  a  room  when  the 
room  contains  a  radiator  for  heating.  The  mixture  near  the  radiator 
rises  before  becoming  very  hot,  and  it  takes  some  time  before  any 
part  of  the  mixture  can  be  raised  to  the  temperature  sufficient  to  ignite 
it  unless  the  circulation  be  suppressed.  While  no  exact  figures  are 
available  for  the  temperature  of  ignition  for  the  mixtures  used  in 
these  exploding  liquid  fuel  engines,  they  can  be  placexl  in  the  follow- 
ing order: 

Kerosene  mixtures  have  tlie  lowest  temperature  of  ignition.  , 
Gasoline  comes  next  but  is  quite  close  to  kerosene. 

Alcohol  mixtures  have  the  highest  temperature  of  ignition  and  are  quite 
far  removiHl  from  kerosene  and  gasoline. 

BATE   OF  PBOPAGATION. 

The  velocity  with  which  the  flame  cap  travels  through  the  mass  of 
mixture  is  termed  the  ''  rate  of  propagation,"  and  this  is  sometimes 
very  high  and  sometimes  very  low.  Mixtures  containing  a  certain 
small  excess  of  fuel  over  what  seems  to  be  chemically  correct  bum 
faster  than  any  other  mixtures  of  that  fuel.  With  much  excess  of 
fuel,  much  excess  of  air,  or  much  neutral  gas,  the  rate  of  propagation 
iK^comes  lower,  so  that  mixtures  bum  slower  the  further  they  depart 
from  the  proper  chemical  proportions  (with  the  exception  noted)  or 
the  more  inactive  or  neutral  gas  they  contain.  The  nature  of  the 
fuel  has  an  influence  on  the  rate  of  propagation  and  for  our  purpose 
it  is  only  necessary  to  cite  kerosene,  gasoline,  and  alcohol  mixtures. 
Kerosene  mixtures  burn  fastest,  and  so  have  the  higher  rate  of  propa- 
gation. Next  come  gasoline  mixtures  and  lastly  alcohol,  with  the 
lowest  rate  of  propagation,  assuming,  of  course,  always  the  correct 
mixtures  in  each  case.  The  higher  the  pressure  of  the  mixture  before 
ignition  the  faster  it  will  burn,  so  that  the  rate  of  propagation  de- 
pends upon  the  pressure.  Similarly,  the  hotter  the  mixture  when 
ignited  the  faster  it  will  burn,  so  that  increase  of  temperature  makes 
it  burn  faster  or  raises  the  rate  of  propagation.  The  shape  of  the 
chaml)er  containing  the  mixture  has  a  very  decided  eflPect  on  the  rate 
of  2>ropagation.  It  was  found  by  observing  mixtures  burning  in 
glass  tubc\s  that,  when  very  small  tubes  were  used,  the  rate  of  propa- 
gation became  perceptibly  retarded,  and  when  extremely  small  tubes 
were  used  the  rate  of  propagation  was  zero;  that  is  to  say,  the  tube 
can  l)e  made  so  small  that  the  flame  will  not  propagate  itself  through 
the  tulx*  at  all.    This  is  l)ecause  with  very  small  tulx»s  the  heat  can  be 
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•onductecl  aw»y  from  the  flame  faster  than  the  flame  liberates  it,  with 
:he  effect  that  combustion  ceases  simply  by  cooling,  just  as  water 
lucHches  a  fire.  If,  in  a  tube  so  small  as  to  prevent  propagation, 
the  mixture  be  compressed,  it  will  liberate  heat  faster  by  reason  of  its 
greater  density,  and  self-propagation  will  then  be  possible.  It  ap- 
pears, then,  that  affecting  this  rate  of  propagation  there  is  a  whole 
series  of  influences,  some  tending  to  make  it  less,  others  more,  with 
the  consequent  result  of  making'  it  difficult  to  predict  what  will 
happen  in  a  new  case.  A  knowledge,  however,  of  these  causes  of 
increase  and  decrease  is  essential  in  the  interpretation  of  engine 
results,  because  the  rate  at  which  pressure  rises  in  the  cylinder  after 
explosion  depends  upon  the  relation  between  the  rate  of  propagation 
in  the  mixture  and  the  piston  speed  of  the  engine.  The  motion  of  the 
piston  outward  tends  to  lower  the  pressure,  while  combustion  by  self- 
propagation  tends  to  raise  it.  If  the  piston  speed  be  small  in  pro- 
portion to  the  rate  of  propagation  the  pressure  will  rise  in  the 
cylinder  rapidly.  If,  however,  the  piston  speed  be  great  and  the 
rate  of  propagation  small,  the  pressure  may  not  rise  at  all  in  the 
cylinder  or  it  may  even  fall  during  the  explosion. 

Aside  from  the  mere  question  of  average  velocity  of  propagation, 
there  is  another  question  of  great  importance,  and  that  is  the  mode  of 
propagation.  It  has  been  shown  by  the  work  of  the  French  scientists 
that  there  are  three  modes  of  propagation,  or  that  the  wave  cap 
travels  through  the  mass  in  three  ways,  each  producing  different 
effects  and  all  of  them  influencing  the  performance  of  an  engine.  If 
the  mass  be  free  to  expand  while  burning,  the  flame  will  communicate 
its  heat  to  the  next  layer  of  mixtures  and  so  ignite  it.  Thus  by  suc- 
cessive heatings  of  layei-s  the  flame  would  propagate  ''  uniformly." 
The  expansion  of  the  burnt  gas,  however,  if  explosion  takes  place  in 
a  chamber  confining  the  mixture,  under  the  influence  of  the  heat 
generated  by  the  combustion,  seems  to  start  a  pressure  wave  through 
the  mass  similar  to  a  sound  wave,  and  the  flame  cap  can  be  seen  to 
oscillate  in  its  advance.  This  is  said  to  be  an  "  undulatory  "  move- 
ment, which  is  the  second  mode  of  propagation.  If  by  any  series  of 
circumstances  a  number  of  waves  of  this  kind  should  be  set  up  in  the 
mixture  so  that  the  crests  of  one  wave  matched  the  hollows  of  another, 
the  waves  would  be  eliminated.  If,  on  the  contrary,  the  crests  of  the 
first  be  superimposed  on  the  crests  of  the  second,  third,  etc.,  the  waves 
would  be  synchronized  and  produce  momentary  high  pressure,  local- 
ized at  the  point  representing  the  wave  crest,  thus  giving  rise  to  the 
third  mode  of  propagation,  the  explosive  wave.  In  any  case  a 
wave  in  the  mass  that  may  synchronize  with  waves  of  combustion 
will  exaggerate  the  possibility  of  producing  the  explosive  wave. 
Agitation  of  the  mass,  such  as  is  produced  by  a  jet  impinging  into 
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the  main  mass,  will  do  this,  and  so  will  a  wave  of  piston  compression. 
This  is  a  matter  of  very  considei^able  importance  in  engines,  for,  if 
the  exhaust  chamber  1x5  not  of  the  right  form,  there  may  be  pockets 
or  isolated  masses  of  mixture  so  placed  that  ignition  starting  in  one 
will  raise  the  pressure  in  that,  causing  a  flow  of  gases  toward  the 
other  with  a  corresponding  agitation  and  synchronizing  of  waves, 
resulting  in  the  explosive  wave.  An  explosive  wave  gives  rise  to 
pressures  in  this  way  very  much  in  excess  of  the  pressure  due  merely 
to  the  heat  liberated,  reaching  GOO  pounds  per  square  inch  in  the  en- 
gine cylinder.  If  the  ignition  be  early;  that  is  to  say,  if  ignition  be 
started  while  the  piston  is  still  compressing  gas,  there  will  invariably 
result  similar  explosive   waves,  straining  the  engine   without  any 

useful  effect. 

PRESSURE   DUE   TO  EXPIiOSIOK. 

The  pressure  after  exploding  tlie  charge  will  depend  upon  the 
amount  of  heat  liberated  and  upon  the  weight  of  gas  present.  The 
amount  of  heat  liberated  by  the  explosion  of  the  mixture  of  vapor 
and  air  will  depend  upon  what  fuel  it  is,  whether  kerosene,  gasoline, 
or  alcohol;  the  proportions  of  vapor  to  air;  the  amount  of  burnt 
gases  left  in  the  clearance,  and  the  extent  to  which  the  charge  has 
l)oen  heated  on  entering  the  cylinder  during  the  suction  stroke,  and, 
finally,  upon  the  compression  pressure  before  ignition.  It  is  easy 
to  calculate  this  temperature  rise  on  assumed  values  for  these  condi- 
tions, but  it  is  just  as  easy  to  prove  these  assumptions  wrong,  so  that 
computations  of  this  kind  are  of  no  great  value.  Designers  must, 
however,  design  an  engine  to  resist  these  pressures,  and  so  must  have 
experimental  values  of  this  pressure.  They  are  also  valuable  to  ex- 
])eriinenters  in  interpreting  the  performance  of  the  engine  by  com- 
paring the  highest  pressure  observed  in  some  case  with  the  normal. 
If  the  normally  high  ])ressure  is  not  attained,  it  has  been  due  to  an 
impropei-  point  of  ignition,  a  loss  in  charge,  or  a  weak  mixture.  The 
ex]>erimentcr  can  also  distinguish  between  normal  pressure  due  to 
the  heat  liberated  and  abnormal  ones  due  to  explosive  waves,  which 
are  (lestnictive  to  the  (Migine  lx»arings  and  metal  parts,  but  not  useful 
for  producing  work. 

LiaUID  FUELS. 

The  liquid  fuels  available  for  use  in  exploding  engines — that  is  to 
say,  for  vajwrizing  and  mixing  with  air  in  a  proix^rly  constructed 
mechanism — have  quite  different  characteristics.  With  respect  to 
their  source  they  can  be  divided  into  two  classes:  The  first,  crude 
petroleum  and  its  distillates,  which  have  some  characteristics  in  com- 
mon ;  and  the  second,  alcohol,  which  is  quite  different  from  any  of  the 
petroleum  distillates  in  all  of  its  characteristics.  When  crude  oil  is 
boiled  or  refined,  vapors  are  evolved  which  may  be  condensed.    These 
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condensed  vapors  »ve  called  ''  distillates.''  In  a  refinery  the  tempera- 
ture of  the  vapor  coming  off  is  measured  and  the  distillates  collected 
either  between  two  limits  of  temperature  or  two  densities,  for  as  the 
boiling  proceeds  the  temperature  of  the  liquid  and  vapor  continually 
rises  and  the  density  of  the  distillates  also  continuously  rises.  The  first 
distillates  are  light  and  the  last  heavy.  The  last  distillates  constitute 
lubricating  oils;  the  first  and  intermediate  distillates  constitute  gaso- 
line, naphthas,  kerosene,  etc.,  available  for  revajDorization  for  use  in 
exploding  engines.  These  distillates  are  not  simple  fuels,  but  are 
mixtures  of  different  chemical  composition,  always  containing  carbon 
and  hydrogen.  They  comprise  all  the  material  that  goes  over  in  the 
boiling  between  two  limiting  densities,  the  mixture  having  a  sort  of 
average  density. 

There  is  not  a  good  agreement  between  the  character  of  the  mate- 
rials designated  gasoline,  kerosene,  etc.,  and  the  temperature  of  dis- 
tillation and  densities  employed  in  different  places,  so  that  such  names 
seem  to  have  more  commercial  significance  than  scientific  value.  The 
following  table  shows  one  set  of  values  that  is  probably  as  good  as  any 
densities  reported,  they  being  compared  with  water  and  given  in 
Baume's  liydronieter  scale  at  59°  F. : 


•Definition  of  petroleum  diHtiUates. 


Name, 


Petroleum  ether 

Gasoline 

Naphtha  C  

Naphtha  B 

Naphtha  A 

Kerosene 

Lubricating  oil., 


Boiling 
point. 

104-1 5.S 

158-170 

176-212 

212-248 

•    248-302 

302-572 

572  up 

Specific 
gravity. 


0.  G50-0. 660 

.660-  .670 

.670-  .707 

. 707-  .  722 

.722-  .737 

.7p3-  .864 

.864-  .960 


Density. 


°Jiaumr. 
85-80 
80-78 
78-68 
08-64 
04-60 
56-32 
32-15 


Gasoline  is  far  different  from  a  simple  substance  which  would 
have  a  fixed  boiling  point,  and  therefore  theoretical  calculations  on 
the  heat  of  combustion,  air  necessary,  and  conditions  for  vaporizing 
or  carbureting  air  are  of  little  value.  On  the  other  hand,  alcohol 
is  a  simple  substance,  or,  more  properly,  there  are  many  alcohols  each 
of  which  is  a  simple  substance;  but  they  are  not  so  used  in  an 
engine.  The  alcohol  which  it  is  proposed  to  manufacture  for  in- 
dustrial uses  under  the  recent  law  is  ethyl  alcohol  having  a  definite 
chemical  composition  C.Hj^OH.  This  material  is  seldom,  if  ever, 
obtained  pure,  it  being  generally  diluted  with  water  and  containing 
other  alcohols  when  used  for  engines.  The.  alcohol  present  is  in  an 
impure  condition.  Thus  90  per  cent  alcohol  means  alcohol  and  water 
mixed  so  that  there  is  90  per  cent  of  alcohol  by  volume  present.  The 
density  of  the  alcohol  depends  upon  the  amount  of  water  present, 
of  course,  and  upon  the  temperature  as  well,  as  it  varies  considerably 
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with  temperature.  The  Smithsonian  tables  of  the  density  of  alcohol 
witli  temperature  are  given  below  in  part  with  a  computation  by 
which  the  percentage  of  alcohol  by  weight  or  volume  can  be  deter- 
mined when  the  density  and  temperature  of  the  mixtui*e  are  known: 

/Smithsonian  tabic  of  Hpecific  fftavitics  of  ethyl  alcohol. 


8p€<«ific    I  Percentage  of  iilco- 
gravity  at  |  ^o*— 

60°  F.  com- , ■■ 

pared  with  i 

water  at 

60^  F. 


0.S34 
.K33 
.832 
.831 
.830 
.«29 
.828 
.827 
.826 
.826 
.824 
.  823 


By 
weight. 


By  vol- 
ume. 


Specific  . 
gravity  at  . 
&fi  F.  com- ; 
pared  with ' 

water  at  i 
60°  F.      ! 


85.8 
86.2 
8(;.6 
87.0 
87.4 
87.7 
88.1 
88..') 
88.9 
89.3 
89.6 
90.0 


90.0 
90.3 
90.6 
90.9 
91.2 
91.5 
91.8 
92.1 
92.3 
92.6 
92.9 
93.2 


0.822 
.821 
.820 
.819 
.818 
.817 
.816 
.815 
.814 
.813 
.812 


Percentage  of  alco- 
hol— 

?>; 

By  vol- 

weight. 

ume. 

90.4 

93.4 

90.8 

98.7 

91.1 

94.0 

91.5 

94.2 

91.9 

94.5 

92.2 

94.8 

92.6 

95.0 

93.0 

95.3 

93.3 

95.5 

9:1.7 

95.8 

94.0 

96.0 

For  the  range  of  percentage  contained  in  the  above  table,  the  cor- 
rection for  temperatures  different  from  00*^  F.  should  be  made  as 
follows : 

If  the  density  is  measured  at  a  temperature  abovje  GO^,  0.0005  should 
be  added  to  the  measured  density  for  each  degi*ec  which  the  tem- 
piu'ature  at  the  time  of  the  measurement  differs  from  60^.  AVhen 
the  temperature  at  the  time  of  measurement  is  below  60^,  the  same 
correction  should  be  subtracted  from  the  measured  density.  The 
corrected  density  should  then  be  used  in  the  table  for  finding  the 
true  i)ercentage  of  alcohol. 

The  j)errentage  of  alcohol  found  in  a  sample  is  always  likely  to  l>e 
greattM"  when  determined  chemically  than  when  determined  by  the. 
hydrometer,  because  the  presence  of  impurities  in  the  way  of  solids 
dis.solve(I  in  the  alcohol  or  as  any  of  the  series  of  higher  alcohols 
tends  to  make  the  specific  gravity  of  the  siunple  gi'eater,  and  hence 
make  it  indicate  too  low  a  percentage  of  alcohol. 

Although  pure  alcohol  is,  as  was  shown  above,  a  simple  chemiod 
substance,  and  so  permits  of  computations  on  the  heat  of  combustion, 
the  amount  of  air  nece^^sary  for  its  proj)er  combustion,  the  amount  of 
heat  to  vaporize  it,  the  proper  air  temperature  for  carburction,  or  any- 
thing elsp  that  might  be  desired  in  connection  with  its  performance  in 
an  engine,  Xi't  in  actual  engines  this  j)ure  alcohol  is  never  u.sed.  The 
revenue  hiws  i)ermit  the  tax-free  use  of  only  denatured  alcohol,  that 
is  to  say,  a  fuel  consisting  principally  of  ethyl  alcohol,  but  with 
various  substancl^s  added  to  it  to  render  it  unfit  for  drinking,  and 
which  may  have  little  or  much  eftect  upcm  its  value  as  an  engine  fuel. 
In  the  United  States  the  substances  to  l)e  added  are  at  least  10  parts 
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©f  methyl  alcohol-to  100  parts  of  90  per  cent  ethyl  alcohol  by  volume, 
in  addition  to  one-half  of  1  part  benzine.  Even  this  small  addition 
makes  it  diflScult,  if  not  impossible,  to  make  accurate  calculations  con- 
cerning what  the  mixed  fuel  will  do  in  an  engine.  In  Europe, 
during  all  these  years  of  development,  many  hundreds  of  tests  have 
been  made  with  all  sorts  and  conditions  of  fuel  mixtures,  some  of 
them  with  alcohol  which  is  free  of  denaturants,  some  with  denatured 
alcohol,  and  some  with  purely  experimental  mixtures.  Every  dif- 
ferent fuel  element  and  every  different  fuel  mixture  will  have  charac- 
teristics when  used  in  an  engine,  so  that  in  comparing  these  engine 
results  it  is  clearly  necessary  to  have  some  knowledge  of  the  nature 
of  the  fuel  mixtures  used. 

HEAT  OF  COMBUSTION. 

One  of  the  most  important  things  to  know  concerning  a  fuel  is  the 
amount  of  heat  it  will  liberate  when  burned,  or  its  heat  of  combustion, 
for  by  this  the  weight  of  fuel  burned  per  horsepower-hour  can  be 
transformed  to  thermal  efficiency.  This  is  determined  practically  by 
burning  the  fuel  in  a  very  accurate  instrument  called  a  calorimeter, 
so  arranged  that  all  of  the  heat  will  warm  up  water  so  that  the 
amount  of  heat  liberated  may  be  determined  by  the  temperature  rise 
of  this  water.  The  heat  of  combustion,  thus  determined  for  the  gas- 
oline which  we  used  in  our  tests,  was  found  to  be  21,100  B.  T.  U.  per 
pound  of  gasoline.  It  is  known  that  the  heat  of  combustion  of  gaso- 
hne  is  not  very  different  from  that  for  the  crude  oil  or  any  of  the 
ether  distillates,  and  in  common  practice  it  is  usual  to  take  this  value 
as  20,000  B.  T.  U.  per  pound  of  oil  when  other  more  accurate  infor- 
mation is  lacking.  The  alcohol  which  we  used  in  our  tests,  94  per 
cent  by  volume,  had  a  heat  of  combustion  as  determined  by  the  calo- 
rimeter of  11,900  B.  T.  U.  per  pound,  which  is  just  a  little  more  than 
half  that  of  the  gasoline.  The  heat  of  combustion  as  determined  by 
the  calorimeter  does  not  fairly  represent  tlie  amount  of  heat  set  free 
in  the  engine  cylinder,  because  when  the  fuel  contains  any  hydro- 
gen— and  all  of  these  fuels  do — that  hydrogen  will  form  steam  on 
combustion,  which  will  condense  to  water  and  add  its  latent  heat  of 
condensation  to  the  true  heat  of  combustion.  The  heat  of  combus- 
tion obtained  when  the- products  are  condensed,  as  in  the  calorimeter, 
16  termed  the  high  value;  that  obtained  by  subtracting  from  this 
high  value  the  latent  heat  of  condensation  of  such  water  as  is  formed 
is  termed  the  low  value.  In  reporting  a  calorific  power  for  any  of 
the  oils  or  alcohol  it  must  be  clearly  known  whether  the  value  is  high 
•r  low,  as  they  are  appreciably  different.  Especially  important  is 
this  when  it  is  known  that  only  the  low  value  is  set  free  in  exploding 

«7 


26 

engines,  because  the  exhaust  gases  are  always  hot  enough  to  preveut 
condensation  of  steam.  These  fuels  contain  carbon  and  hydrogen  in 
various  proportions  and  the  alcohol  contains,  in  addition,  some  oxy- 
gen. Knowing  the  heat  of  combustion  and  the  elements,  it  would 
seem  possible  to  calculate  the  heat  of  combustion  of  compounds  of 
these  elements,  and  various  fonnulas  have  been  proposed  for  this 
purpose  which  are  used  in  some  cases  by  European  experimenters  in 
reporting  their  results.  It  is  interesting  to  note  in  this  connection 
that  the  heat  of  combustion  determined  by  such  a  formula  from  its 
ultimate  analysis  seldom  gives  values  that  agree  with  the  calorimeter. 
This  is  because  of  certain  assumptions  made  on  the  molecular  con- 
stitution of  the  elements  shown  to  be  present.  Thus,  when  hydrogen 
and  oxygen  are  present  in  water  proportions  it  is  assumed  that  the 
group  can  not  give  any  further  heat  of  combustion,  and  further, 
that  there  is  no  heat  absorbed  to  separate  the  group  from  the  other 
molecules  as  heat  of  dissociation.  This  assumption  vitiates  the  re- 
sults, but  for  any  given  fuels  a  constant  can  be  determined  in  the 
nature  of  a  correction  to  the  calculation  to  make  the  results  agree 
with  the  calorimeter,  which  it  is  possible  to  applv  with  fair  accuracy 
to  similar  fuels. 

AIR  NECESSARY  FOR  COMBUSTION. 

When  a  fuel  has  a  definite  chemical  composition,  the  air  necessary 
for  combustion  can  be  exactly  determined;  otherwise  it  must  be  an 
assumption.  This  calculation  can  be  made,  therefore,  for  ethyl  alco- 
hol or  for  methyl  alcohol,  but  it  is  difficult,  if  not  impossible,  for  a 
denatured  alcohol  or  for  gasoline  or  kerosene. 

In  an  actual  engine  the  amount  of  air  is  proportioned  to  the  amount 
of  vapor,  not  by  any  exact  measurement  of  either,  but  by  experi- 
mental trial,  to  secure  cither  the  best  results  in  maximum  power  or 
minimum  fuel  consumption,  but  in  this  case  the  experimenter  has  no 
knowledge  of  the  fuel  supplied  but  unburned.  xVs  a  check  upon  this 
adjustment,  it  has  been  the  practice  in  the  European  tests,  especially 
those  of  Sorel,  to  analyze  the  exhaust  gases  with  a  view  to  determin- 
ing the  amount  of  air  supplied  by  the  chemical  composition  of  the 
exhaust.  An  engineer  o2:)erating  the  engine,  however,  has  no  means 
for  determining  results  such  as  this,  and,  in  fact,  cares  very  little 
just  what  quantity  of  air  is  being  supplied  so  long  as  it  is  clear  that 
no  fuel  is  passing  away  unburned  or  so  long  as  the  engine  is  doing 
the  proper  amount  of  work  with  the  minimum  of  fuel. 


27 
VAPOEIZATIOH  OF  FUEL. 

Before  any  liquid  fuel  is  available  for  use  in  an  exploding  engine 
it  must  be  vaporized,  and  this  vapor  must  be  mixed  with  air  in  the 
proper  proportions — that  is,  as  near  the  chemical  proportions  as  may 
be  possible.  Thus  the  preparation  of  the  fuel  for  use  in  an  exploding 
engine  involves  three  steps.  First,  vaporization ;  second,  mixing  with 
air;  third,  adjustment  of  proportions.  The  devices  used  in  the 
engines  to  accomplish  these  things  show  the  widest  variation  of  detail 
design.  In  some  of  these  devices  the  fuel  is  boiled  in  a  chamber 
which  is  then  known  as  a  vaporizer,  and  the  vapor  is  allowed  to  flow 
into  a  stream  of  air  entering  the  engine,  the  amount  of  vapor  being 
regulated  by  a  valve,  just  as  is  done  in  a  gas  engine.  During  the 
process  of  vaporization  the  air  is  not  in  contact  with  the  vapor  as  it 
forms.  In  the  next  type  of  vaporizer  the  fuel  is  dropped  on  a  hot 
plate,  over  which  the  air  flows  on  its  way  to  the  engine,  and  the  pro- 
portions are  fixed  by  the  rate  of  air  flow  or  by  the  rate  at  which  the 
fuel  is  supplied  to  the  hot  plate  or  by  the  temperature  of  the  plate. 
AVlien  the  fuel  will  vaporize  at  a  low  temperature  below  that  of  at- 
mospheric air,  it  is  not  necessary  to  liave  any  heated  plate,  and  the 
fuel  may  be  dropped  directly  into  the  entering  stream  of  air,  the  pro- 
portions being  adjusted  by  tlie  opening  of  a  small  valve.  Kerosene 
requires  a  plate  or  chamber  quite  considerably  heated  to  completely 
vaporize  it,  as  the  boiling  point  is  high.  Gasoline  requires  nothing 
of  this  sort,  as  it  easily  vaporizes  at  atmospheric  temperatures.  Alco- 
hol lies  between  these  two  fuels  in  this  respect.  It  requires  tempera- 
tures higher  than  the  usual  atmospheric  temperatures,  but  not  so 
high  as  those  necessary  for  kerosene. 

A  device  for  preparing  the  mixtures  in  these  engines,  which  per- 
forms three  fmictions — vaporizing,  mixing,  and  proportioning — is 
called  a  carbureter.  Carbureters  are  universally  used  for  gasoline 
and  similar  easily  vaporized  substances.  Vaporizers  in  one  form  or 
another  are  almost  universally  used  for  kerosene,  although  some 
kerosene  carbureters  have  been  devised  differing  from  the  gasoline 
carbureter  chiefly  by  the  addition  of  a  heating  part.  Alcohol  is  used 
in  both  of  these  devices — that  is  to  say,  alcohol  carbureters  are  com- 
mon and  so  are  alcohol  vaporizers,  but  tlie  carbureters  more  common 
than  the  vaporizers.  An  alcohol  carbureter  may  differ  not  at  all 
from  a  gasoline  carbureter,  but  by  reason  of  the  high  temperature  of 
vaporization  of  the  alcohol  some  method  of  heating  either  the  air  or 
the  mixture  is  necessary  to  insure  complete  vaporization,  and  the 
more  water  present  the  higher  the  necessary  temperature.  In  order 
that  the  above  distinction  may  be  clear  and  variations  in  the  detail 
design  for  accomplishing  the  same  purpose  may  be*  set  forth,  descrip- 
tions of  a  few  typical  devices  are  given. 
m 
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One  common  form  of  pure  vaporizer  in  use  in  the  West  is  a  i-etort, 
of  the  class  involving  the  dropping  of  oil  on  a  hot  plate.  This  is 
shown  in  figures  5  and  6.  The  exhaust  from  the  main  engine* enters 
the  retort  at  the  port  (A).  The  hot  exhaust  gases  heat  a  central 
drum,  around  which  the  generating  wheel  revolves.  The  generating 
wheel  (C)  is  a  hollow  wheel  or  drum,  containing  channels  or  buckets 
on  the  periphery.  This  wheel  is  driven  by  a  belt  from  the  main  en- 
gine around  a  driving  pulley  (fig.  6,  G),  transmitting  power  through 
a  worm  and  gear  to  the  driving  spindle  (I).  The  driving  spindle  is 
attached  to  the  generating  wheel,  which  revolves  about  one-half 
turn  a  minute.  The  heat  radiating  from  the  heated  drum  is  inter- 
cepted by  the  generating  wheel  and  utilized  in  transforming  the  oil 


Fig.  6.— Section  of  retort  vaporiser. 


into  ^as  as  it  is  fed  into  the  channels  of  the  generating  wheel  through 
the  oil  port  (fig.  5,  F).  As  the  oil  is  fed  into  the  channels  through  the 
oil  port  it  is  carried  up  and  over  the  top  of  the  wheel,  giving  up  its 
volatile  parts  by  reason  of  the  heat  received  from  the  wheel.  The 
nonvolatile  portion  of  the  oil,  or  the  residuum,  remains  in  the  chan- 
nels until  they  reach  the  bottom,  where  the  residuum  drops  into  a 
reservoir  and  is  automatically  drained  off  through  the  residue  port 
by  means  of  a  pipe  with  a  drop  of  8  inches  or  more  below  the  retort, 
having  a  horizontal  check  valve  on  the  end.  The  check  valve  is  for 
the  purpose  of  keeping  the  residuum  from  being  drawn  into  the 
engine  cylinder.    The  exhaust  gases  are  carried  away  from  the  retort 
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by  means  of  a  pipe  screwed  into  the  flange  attached  to  the  exhaust 
outlet  (fig.  6,  B).  As  the  gas  arises  from  the  wheel  to  the  gas 
chamber  it  circulates  around  a  hot  exhaust  pipe,  thus  being  super- 
heated. It  is  immediately  drawn  into  the  main  engine  cylinder  by 
the  suction  of  the  engine,  through  a  connection  of  pipe  and  fittings 
from  the  gas  port  (fig.  6,  D),  to  the  inlet  to  the  engine  cylinder, 
where  it  is  ignited  by  whatever  means  may  be  used  for  that  purpose. 
Air  is  also  drawn  by  the  engine  suction  into  and  through  the  retort 
case,  entering  at  the  air-inlet  port  (fig.  6,  E).  In  some  cases  the  air- 
inlet  pipe,  connected  to  this  port,  runs  about  2  feet  and  then  turns 
down  again.  This  is  recommended  to  prevent  gas  from  escaping 
through  the  air  inlet  between  suctions. 

There  are  no  devices  on  the  American  market  of  the  kind  that 
specifically  boils  the  fuel  in  a  separate  chamber.  A  device  of  this 
kind  would  have  certain  advantages  over  that  of  the  simple  hot- 
plate type  for  the  following  reasons:  If  the  plate  on  which  the  oil 
is  dropped  gets  too  hot,  the  fuel  will  decompose,  in  addition  to  va- 
porizing, and  leave  on  the  plate  a  black  sooty  residue.  This  is  because 
these  fuels  are  very 'sensitive  to  decomposing  from  overheating.  If 
the  plates  are  not  hot  enough,  the  fuel  will  be  only  partly  vaporized, 
and  good  fuel  will  be  thrown  away  as  residue.  When  the  heating 
is  to  be  accomplished  by  the  exhaust  gases,  not  only  must  a  lamp  be 
supplied  for  initial  heating,  which  takes  a  long  time  with  such  a  mix- 
ing device  as  this,  but  further,  and  more  important,  the  temperature 
of  the  vaporizing  plates  is  very  difficult  if  not  impossible  to  regulate. 
On  fluctuating  load,  therefore,  where  the  engine  requires  more  or 
less  vapor  from  time  to  time  the  hot-plate  vaporizer  would  some- 
times be  decomposing  fuel  from  excess  heat,  at  other  times  only 
partly  vaporizing  it,  and  in  any  case  proportions  of  air  to  vapor 
will  be  sure  to  be  irregular,  so  that  in  the  mixture  there  will  some- 
times be  an  excess  of  vapor  and  sometimes  an  excess  of  air.  Such 
a  hot-plate  vaporizer,  therefore,  is  adapted  only  to  those  oils  that 
can  not  be  otherwise  treated  in  carbureters.  For  this  reason  retorts 
of  this  kind  are  almost  solely  confined  to  engines  which  use  the 
crude  oils. 

There  is  on  the  American  market  a  class  of  engines  having  a 
vaporizer  which  forms  part  of  the  cylinder  head  and  which  is 
heated  by  the  explosions  taking  place  inside  the  exploding  chamber. 
Otherwise  stated  these  vaporizers  are  themselves  exploding  cham- 
bers. One  of  these  is  shown  in  figure  7.  On  this  figure,  A  is  the 
vaporizer  proper.  Under  it  is  seen  a  lamp  (B)  with  a  burner  (C), 
and,  to  prevent  undue  radiation  in  heating,  the  burner  and  vaporizer 
are  surrounded  by  a  casing  (D).  This  vaporizer  is  bolted  to  the 
cylinder  head  (E)  and  contains  on  its  inner  end  a  lip  projecting 
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into  the  exploding  chamber.  A  little  pump  injects  a  small  stream 
of  oil  at  every  stroke  and  drops  it  on  this  lip  from  the  pipe  (F). 
This  lip  is  very  hot  from  previous  explosions  and  from  the  lamp, 
which,  by  the  way,  is  turned  off  when  the  engine  begins  work.  The 
compression  stroke  of  the  piston  forces  the  air  in  the  cylinder  over 
the  lip  and  through  the  neck  into  the  vaporizer  bulb,  thus  mixing 
more  or  less  completely  the  vapor  which  formed  on  the  lip  with  the 
air  that  is  forced  over  the  lip  into  the  bulb.  Such  hot-bulb  vaporizers 
as  this  will  work  with  practically  all  of  the  fuels — crude  oils,  gaso- 
line, kerosene,  and  alcohol — with  proper  adjustments  of  the  pump 
and  of  the  tem].>erature  of  the  bulb.  These  bulbs  perform  another 
duly  besides  vaporizing  and  mixing.     Their  high  temperature,  that 

of  a  red  heat  when  in  operation,  is 
sufficient  to  ignite  the  mixture  when 
the  compression  is  high  enough,  thus 
eliminating  any  necessity  for  electric 
igniters.  In  engines  fitted  with  this 
type  of  vaporizer  no  mixture  enters 
the  cylinder  at  afl;  nothing  but  air 
passes  through  the  inlet  valve.  Oil 
is  pumped  in,  drops  on  the  vaporizer, 
there  meets  the  air,  with  which  a  more 
or  less  complete  mixture  is  formed, 
the  mixture  is  compressed,  and  by  the 
compression  heated  and  ignited.  This 
type  of  vaporizer  igniter  has,  besides 
the  above  advantages,  certain  disad- 
vantages: (1)  The  vapor  is  but  im- 
perfectly mixed  in  the  air;  (2)  the 
exceedingly  high  temperature  in  the 
vaporizer,  which  it  is  impossible  to 
avoid,  Avill  more  than  vaporize  some 
of  the  fuel,  dec^omposing  it  and  deix)sitiiig  soot  if  the  fuel  be  hydro- 
carbon; and  (3)  another  bad  feature  in  the  use  of  such  a  vapor- 
izer is  to  l)e  found  in  the  fact  that  some  air  remains  between  the 
piston  head  and  the  bulb,  and  this  is  inactive,  no  fuel  l^eing  burnt, 
the  only  active  part  l)eing  that  which  enters  the  bulb.  Engines  fitted 
with  vaporizers  of  this  kind,  therefoiTi,  can  not  do  as  much  work 
for  the  same  size  cylinder  as  an  engine  in  which  the  entire  mass 
of  gases  in  the  clearance  is  active  explosive  mixture.  Furthermore, 
these  engines  will  always  ase  more  fuel  than  is  necessary  because  of 
the  incomplete  mixing  of  fuel  vapor  and  air  and  the  partial  decompo- 
j^ition  of  some  of  the  fueJ. 

Another  vaporizer  of  the  hot-i)late  sort,  intended  particularly  for 
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kol,  illustrated  in  figure  8,  is  known  as  the  B«>uhot,  a  French 
Exhaust  gas  enters  at  the  bottom,  as  shown  by  the  arrow  and 
ring  on  the  cut,  and  rises  through  the  iron  chamber,  which  is 
igated  to  increase  the  surface  Avithout  making  the  apparatus  too 
y.  Alcohol  is  admitted  near  the  bottom  of  these  ribs  or  corru- 
His  and  flows  upward  on  the  side  opposite  to  that  heated  by  the 
ust  gases.  The  regulating  valve  is  attached  to  permit  some 
ust  gases  to  pass  around  the  heating  chamber  and  so  vary  its 
»erature,  but  the  regulation  of  temperature  must  be  done  by  hand, 
or  rising  from  the  surface  of  the  alco- 
in  the  top  of  the  chamber  meets  air, 
;h  passes  fii-st  through  the  regulating 
e  intended  for  the  adjustment  of  pro- 
i<ms.  The  corrugations  are  such  as  to 
I  a  screw  thread  or  a  helix  passage  and 
exhaust  entering  first  at  the  bottom 
es  directly  to  the  top  of  the  chamber 
downward  in  the  helical  groove  to  the 
Mn,  so  that  the  top  of  the  helix  will  be 
hottest  part.     Alcohol  enters  the  bot- 

of  the  opposite  helix,  flows  upward 

vaporizes  somewhere  in  its  upward 
se,  discharging  into  the  air  current  at 
lot  top  of  the  helix  as  superheated  alco- 
^por.  This  vaporizer  is,  therefore,  of 
K»ling  type,  but  the  boiling  takes  place 
le  surface  of  the  liquid  which  is  at  the 
sure  in  the  suction  pipe,  and  the  rate  of 
ng  is  regulated  by  hand  by  admitting 
i  or  less  exhaust  gases  to  the  vaporiz- 
lielix. 

iparate     vaporizers     as     distinguisheil 
i  carbureters  are  essential  for  kerosene 

common  for  alcohol.     They  have  been  described  at  this  point 
ise  the  principles  of  their  o^^eration  are  simpler  than  those  of  car« 
bers  and  they  are  less  numerous  and  less  representative, 
.rburetion   is  a   process  distinctly  different  from  boiling.     Air 

take  up  the  vapor  of  a  liquid  just  as  it  takes  up  the  vapor  of 
r,  even  when  the  temperature  of  the  liquid  or  the  temperature  of 
lir  is  very  considerably  less  tlian  the  boiling  point  of  the  liquid. 
i<»rt,  air  may  take  up  some  vapor  at  any  temperature  whatever, 
it  is  not  necessary  that  the  liquid  be  brought  to  the  boiling  point. 
amount  of  vapor  which  air  can  take  up  by  simply  coming  in  con- 
with  the  liquid  depends  upon  the  vapor  tension  of  the  liquid  and 
preasnre  of  the  air.  The  air  may  be  assiuned  to  be  always  at 
n 
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atmospheric  pressure,  for  the  pressure  in  the  suction  pipe  of  an 
engine  is  but  little  less  than  that  of  the  atmosphere.  The  amount  of 
vapor  that  can  be  taken  up  from  the  liquid  surface  can  be  calculated 
quite  exactly  if  the  air  is  left  in  contact  with  the  liquid  long  enough 
and  if  the  liquid  is  a  simple  substance  having  a  definite  chemical 
composition  and  a  definite  vapor  tension.  The  method  is  exactly  the 
same  as  that  used  to  compute  the  humidity  of  the  atmosphere.  Since 
gasoline  is  not  a  simple  substance,  such  a  calculation  is  impossible, 
but  it  is  known  by  the  practical  operation  of  engines  having  car- 
bureters that  at  ordinary  atmospheric  temperatures  the  air  is  quite 
hot  enough  to  vaporize  enough  gasoline  to  make  a  proper  explosive 
mixture  and  is  in  fact  capable  of  absorbing  quite  a  considerable 
excess  of  gasoline  before  it  becomes  saturated  with  gasoline  vapor. 
There  is,  however,  no  difficulty  whatever  from  the  standpoint  of  air 
saturation  in  giving  to  the  air  sufficient  gasoline  vapor  to  make  a 
proper  explosive  mixture  for  engines  if  the  air  be  left  in  contact  with 
the  gasoline  long  enough,  or  if,  in  addition,  the  contact  be  of  the 
proper  sort.  As  gasoline  consists  of  substances  of  different  volatility, 
the  mere  contact  of  air  with  the  surface  of  the  liquid  may  not  be 
sufficient  to  uniformly  vaporize  the  mixture.  The  more  volatile 
parts  may  come  off  first  and  there  may  be  a  residue  which  it  will  be 
difficult  to  vaporize.  This  difficulty  was  met  with  in  the  earlier  car- 
bureters and  overcome  in  a  way  that  will  be  explained  presently. 
Alcohol  being  a  simple  substance,  with  a  definite  vapor  tension,  it  is 
possible  to  calculate  at  what  temperature  dry  air  must  be  to  contain 
sufficient  alcohol  vapor.  If  the  air  have  any  temperature  higher 
than  this,  it  is  capable  of  carrying  more  alcohol  than  is  necessary  for 
a  proper  explosive  mixture  or  capable  of  absorbing  the  amount  of 
vapor  necessary  in  a  shorter  time. 

By  a  somewhat  lengthy  calculation  it  may  be  shown  that  dry  air 
at  a  temperature  of  72°  F.,  when  saturated  with  alcohol  vapor,  has 
just  enough  of  the  vapor  to  form  the  theoretically  best  mixture  for 
perfect  combustion.  If  the  air  be  moist,  or  the  alcohol  contain 
water,  or  the  time  allowed  for  vaporization  be  too  brief,  the  tempera- 
ture of  the  air  must  be  higher  than  72°  F.  to  form  a  proper  explosive 
mixture. 

As  the  engine  does  not  use  pure  alcohol  of  this  sort,  but  rather 
mixtures  known  under  the  general  name  of  denatured  alcohol,  the 
corresponding  temperature  necessary  to  secure  this  proper  vaporiza- 
tion will  be  different  from  that  just  given,  but  just  how  different  can 
not  Ikj  stated.  However,  it  is  certain  that  air  at  any  temperature  will 
take  up  some  vapor  of  alcohol  and  that  the  higher  the  temperature 
•f  the  air  the  quicker  it  will  take  up  the  necessary  amount  for  the 
best  explosive  mixture.  In  the  case  of  incomplete  vaporization  some 
of  the  fuel  may  be  carried  along  as  spray,  which  may  be  vaporized  in 
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the  cylinder  on  the  compression  stroke  or  may  not,  but  if  not  then  it 
certainly  will  be  after  the  explosion  of  the  rest.  It  would  seem  de- 
sirable^ therefore,  to  quite  considerably  heat  the  air  supplied  to  an 
alcohol  carbureter;  yet  indefinite  heating  of  the  air  will  bring  about  a 
bad  effect  on  the  engine,  because  it  will  make  the  charge  hotter  at  the 
end  of  compression,  or,  in  other  words,  decrease  the  weight  of  the 
charge  in  the  cylinder.  The  horsepower  of  the  engine,  other  things 
being  equal,  will  be  decreased  in  direct  proportion  as  the  density  of 
the  charge  is  lowered  by  this  heating,  so  that,  on  the  one  hand,  heating 
of  the  air  is  good  for  complete  vaporization,  but  bad,  if  carried  to 
excess,  in  reduction  of  power. 

The  earliest  forms  of  carbureters  operated  on  the  principle  of 
simple  contact  between  the  gasoline  and  air.     One  of  the  most  suc- 


FiG.  10.— Section  of  Maybach  carbureter. 


Fig.  9.— Section  of  Daimler 
,    carbureter. 

cessful  of  this  type  is  that  used  by  Gottlieb  Daimler,  to  whom  all 
credit  should  be  given  for  the  developing  of  this  type  of  carbureter 
and  by  it  the  high-speed  liquid-fuel  engine.  Daimler's  surface-con- 
tact carbureter  is  shown  in  figure  9.  It  consists  of  a  tank  fitted  with  a 
central  tube  and  float.  In  the  bottom  of  the  tank  is  the  gasoline, 
on  its  surface  the  float,  and  in  the  float  a  hole  through  which  the 
gasoline  may  rise  to  a  certain  height.  Air  flows  down  a  central 
pipe  and  strikes  the  surface  of  the  gasoline  at  the  top  of  the  hole 
in  the  float,  picking  up  vapor,  the  mixture  flowing  directly  to  the 
engine.  The  pipe  down  which  the  air  flows  is  kept  by  the  float  to 
a  constant  amount  of  submersion,  so  that  the  air  must  bubble  through 
the  gasoline  to  a  certain  depth.  The  chief  objections  to  this  carbu- 
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reter  are  found  to  be:  (1)  It  would  vaporize  the  most  volatile  part 
of  the  gasoline  and  leave  the  residue,  which  is  difficult  to  vaporize; 
(2)  the  slower  the  flow  of  air  through  the  carbureter  the  more  vapor 
it  takes  up,  so  that  at  small  engine  loads  or  slow  speeds  the  mix- 
tures were  likely  to  be  too  rich  if  the  adjustments  were  made  for  high 
speeds  of  the  engine  or  rapid  flow,  and  (3)  the  vaporization  of  the 
gasoline  from  the  surface  of  the  liquid  cooled  the  liquid,  because  the 
latent  heat  of  vaporization  was.  largely  absorbed  from  the  liquid 
and  the  vaporization  was  slower  as  the  liquid  grew  colder.  In  gen- 
eral this  carbureter  was  incapable  of  maintaining  a  constant  pro- 
portion of  gasoline  vapor  to  air  at  all  rates  of  flow  or  at  various  tem- 
peratures of  either  air  or  gasoline  and  incapable  of  vaporizing  all 
of  the  complex  gasoline. 

The  first  important  improvement  on  this  carbureter  was  made  by 
Maybach,  an  engineer  in  the  Daimler  Works.  This  is  shown  dia- 
grammatically  in  figure  10.  Maybach 's  carbureter  was  designed  pri- 
marily to  make  the  ai)paratas  independent  of  air  temperature  within 
a  certain  limit  and  independent  of  the  rate  of  flow — ^that  is  to  say, 
the  speed  and  load  of  the  engine — and  likewise  to  prevent  fractional 
distillation.  The  gasoline  is  delivered  by  gravity  or  pressure  into 
the  top  of  the  chamber  at  the  right  through  the  opening,  which  is 
controlled  by  a  needle  valve  attached  to  the  float  (A).  As  the  float 
falls  more  liquid  is  admitted,  which  causes  the  float  to  rise,  again  de- 
creasing the  supply.  The  bottom  of  the  float  chamber  is  connected  to 
the  carbureter  proper  through  the  pipe  (B).  The  air  enters  upon  the 
aspirating  stroke  when  the  valve  (D)  is  opened,  whereby  the  pressure 
in  the  mixing  chamber  is  made  less  than  that  of  the  atmosphere,  so 
that  the  liquid  fuel  rises  through  the  jet  orifice  by  excess  of  pressure 
in  the  float  chamber  over  the  suction  pipe  and  mixes  with  the  air  in 
the  mixing  chamber  (C).  It  will  be  apparent  that  no  valve  is  neces- 
sary except  the  one  controlled  by  the  float,  and  the  fuel  will  only  enter 
the  mixing  chaml)er  (C)  as  required  with  the  pressure  variation  on 
the  suction  stroke  of  the  motor.  The  theory  on  which  this  type  of  car- 
buieter  was  intended  to  maintain  proportions  was  found  in  practice 
to  l>e  not  quite  true,  although  nearly  enough  so  to  make  it  a  great 
advance.  It  was  expected  that  by  reason  of  the  partial  vacuum  in 
the  air  pipe  surrounding  the  gasoline  jet,  due  to  the  engine  suction, 
it  would  lift  from  the  jet  a  quantity  of  the  gasoline  proportional  to 
the  quantity  of  air.  In  other  words,  assuming  a  vacuum  in  the  suc- 
tion pipe,  the  quantity  of  gasoline  that  would  flow  from  the  constant- 
level  chamber,  under  the  influence  of  the  vacuum,  Avould  increase  in 
the  same  proportions  as  the  quantity  of  air  flowing  from  the  atmos- 
phere to  the  same  vacuum.  It  was  found  that  as  the  vacuum  in- 
creased, owing  to  the  speed  of  the  engine  and  the  load,  more  fuel 
passed  over  than  was  wanted,  assuming  that  the  carbureter  was  prop- 
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erly  set  for  small  rates  of  flow.  This  led  to  the  introduction  of 
another  valve  opening  to  the  atmosphere  between  the  carbureter 
proper  and  the  suction  valve  of  the  engine.  To  facilitate  adjustment 
of  the  vacuum  another  valve  is  inserted  into  the  air  pipe,  entering 
the  carbureter,  and  to  facilitate  initial  adjustment  of  the  mixture  a 
sharp-pointed  valve  called  a  "needle  valve''  was  inserted  over  the 
gasoline  jet  or  nozzle.  The  arrangement  of  such  a  carbureter  as  this 
is  shown  in  figure  11.  The  maintaining  of  a  constant  level  just 
beneath  the  gasoline  nozzle  was  found  to  be  rather  difficult  if  the 
float  stuck  or  the  float  valve  leaked.  For  this  reason  diaphragms 
have  been  tried  as  a  substitute,  but  their  use  is  still  experimental. 
The  carbureter  is  otherwise  the  same  essentially  as  described  above. 


SuoVoo  regwArfrng^^e/  ^fif/y 
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Fio.  11. — Diagrammalii;  section  of  constant-level  carbureter,  with  iicedlo  valve  ndjustment. 
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\    Over//otv  /d/M/mp 
Fig.  12.— Diagrammatic  section  of  constant-level  carbureter,  with  overflow  cup. 

When  the  engine  to  be  used  is  not  in  boats  or  automobiles,  subject  t^ 
shocks  and  oscillations,  but  is  at  rest,  the  third  arrangement  (fig.  12) 
can  be  employed  to  keep  the  fuel  level  constant  in  the  nozzle  and  to 
prevent  flooding  of  the  carbureter.  A  small  chamber  is  fed  by  a 
pump  attached  to  the  engine  and  working  with  it.  Gasoline  is  sup- 
plied much  in  excess  of  what  the  engine  will  burn,  and  the  excesa 
is  allowed  to  run  back  to  the  tank  through  an  overflow  i)ii)e.  This 
overflow  pipe  fixes  the  level  of  the  gasoline  in  the  spray  nozzle. 

This  arrangement  is  selected  as  a  desirable  one  because  it  is  effec- 
tual and  because  the  fire  underwriters'  rules  require  that  the  gasoline 
tank  be  placed  below  the  level  of  the  engine  to  minimize  danger  by 
fire.     In  some  of  tKe  latest  types  of  carbureters  the  valve  between  the 
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earburcter  proper  and  the  suction,  which  is  intended  to  open  at  high 
{speeds,  is  made  automatic  and  opens  by  a  spring.  This  has  given  rise 
to  the  name  ''  automatic  carbureter."  In  order  to  more  intimately  mix 
the  spray  with  the  air,  various  devices  have  been  introduced  above 
the  spray,  such  as  cones,  plain  and  corrugated,  pieces  of  wire  gauze 
at  rest  and  spinning  around  under  the  influence  of  a  fan  driven  by 
the  entering  air.  In  te<»hnical  language  these  devices  are  known  as 
"  pulverizers,"  but  really  are  nothing  more  than  means  for  breaking 
up  the  gasoline  into  fine  drops  to  permit  of  a  more  intimate  mix- 
ture with  air.  It  was  supposed  that  the  air  would  have  sufiSciently 
high  temperature  to  absorb  all  the  vapor  that  would  be  generated 
by  the  spray  which  was  drawn  into  it,  but  in  very  cold  weather  or 
on  very  moist  days  it  was  found  that  at  times  the  results  were  unsat- 
isfactory. For  this  reason  the  air  has  been  heated  in  some  forms  of 
carbureters  by  simply  drawing  it  on  its  way  to  the  carbureter  through 
a  chamber  surrounding  the  exhaust  pipe.  When  the  gasoline  car- 
bureters are  used  for  alcohol  a  higher  temperature  for  vaporization 
and  carburetion  is  required.  Thus  heating  becomes  a  necessity,  and, 
not  only  is  it  desirable  to  extract  heat  from  the  exhaust  pipe  by 
drawing  air  from  the  surroimding  chamber,  but  in  some  cases  the 
mixture  also  is  passed  through  a  heated  chamber  so  that  no  particles 
of  residue  can  remain  unvaporized.  In  some  forms  of  French  car- 
bureters the  heat  of  the  jacket  water,  which  if  it  flows  not  too 
fast  has  a  high  enough  temperature,  has  been  used  for  the  same 
purpose  of  heating  the  air,  the  liquid,  or  the  mixture,  to  insure  com- 
plete vaporization.  But,  as  pointed  out  before,  the  alcohol  will  more 
or  less  vaporize  at  any  temperature,  and  we  have  shown  by  our  engine 
experiments  that  at  ordinary  temperatures,  averaging  about  60®  to 
80°  F.,  enough  alcohol  can  be  vaporized  to  give  a  working  mixture, 
although  we  also  have  evidence  that  all  the  alcohol  does  not  vaporize, 
the  remainder  passing  out  as  exhaust  gases  unbumed  or  decomposed. 
The  variation  in  important  and  unimportant  details  of  construction 
in  these  carbureters  intended  either  for  kerosene,  gasoline,  6r  alcohol 
is  almost  beyond  belief.  Practically  everybody  who  has  ever  had 
anything  to  do  with  these  engines  has  designed  a  carbureter,  and  yet 
it  can  l)e  proved  beyond  question  that  no  carbureter  on  the  market 
to-day,  be  it  intended  for  any  of  the  fuels  named,  is  capable  of  carry- 
ing out  that  for  Avhich  it  was  designed.  While  some  vaporizers  and 
carbureters  to  some  extent  will  maintain  the  mixture  perfectly  well 
for  some  rate  of  flow  or  some  particular  temi>erature,  no  carbureter 
that  has  ever  come  to  our  attention  will  maintain  an  absolutely  cor- 
rect mixture  for  high  speed  and  low^  speed,  cold  or  hot  air,  moist 
or  dry  air,  or  changes  in  the  rate  of  supply  or  engine  load  that  must 
be  met  with  in  practical  engine  operation. 
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EFFECT  OF  DHTIAL  COMPEESSIOH. 

By  rather  involved  mathematical  calculation  it  may  be  shown  that 
the  theoretical  efficiency  of  an  internal-combustion  engine  depends 
upon  the  amount  of  compression  given  to  the  combustible  mixture 
during  the  compression  stroke  of  the  piston.  The  greater  the  com- 
pression the  higher  should  be  the  efficiency.  In  practice  it  is  found 
that  various  causes  operate  to  diminish  the  efficiency,  thus  tending 
to  offset  the  benefits  of  high  compression.  Still,  with  good  mechan- 
ism it  is  found  that  an  increase  of  compression  up  to  a  considerable 
amount  improves  the  efficiency. 

With  gasoline  the  compression  can  not  be  carried  much  above  80 
pounds  per  square  inch  without  danger  of  premature  explosion  of 
the  fuel  charge  in  the  cylinder.  With  alcohol  the  compression  may 
be  safely  increased  to  200  pounds  per  square  inch  if  desired  if  the 
engine  is  well  cooled,  and  in  numerous  European  engines  150  pounds 
have  been  regularly  used. 

PRACTICAL  EXPEEIENCE  WITH  ALCOHOL  ENOIHES  IN 

OEBMANY. 

There  is  one  report  available  on  the  comparative  value  in  unskilled 
hands  doing  commercial  work  of  alcohol  engines  compared  with  the 
machines  they  have  displaced,  both  with  respect  to  fuel  consumption 
5nd  cost  and  the  care  and  expense  necessary  for  maintenance.  Pro- 
fessor Strecker,  of  Leipzig,  sent  a  circular  letter  to  120  farmers  in 
Germany  who  were  using  alcohol  engines,  which  had  displaced  steam 
engines  for  farm  purposes.  There  were  120  of  these  engines,  of 
three  different  makes  and  ranging  in  size  from  6  to  25  horsepower. 

These  engines  were  working  more  or  less  throughout  the  year,  the 
maximum  number  x)f  hours  being  2,500  per  year,  the  minimum  324, 
and  the  average  996.  The  first  question  addressed  to  the  farmers 
concerned  the  amount  of  work  these  engines  were  capable  of  doing 
compared  with  the  engines  they  displaced  at  the  same  rated  horse- 
power; 46  per  cent  thought  them  equal,  47  per  cent  thought  them 
superior,  and  only  4  per  cent  considered  them  inferior,  but  qualified 
this  by  stating  that  the  steam  engine  must  be  fired  with  greater  regu- 
larity. The  next  question  concerned  the  expense  for  fuel.  The 
average  amount  of  coal  used  in  a  steam  engine  was  4.28  kilograms  per 
metric  horsepower  hour,  equivalent  to  9.55  pounds  per  brake  horse- 
power hour,  with  an  addition  of  100  pounds  per  day  for  starting. 
The  price  of  coal  averaged  20.7  marks,  which  is  equivalent  to  $i.47 
per  ton.  The  fuel  used  in  the  alcohol  engine  w^as  not  all  the  same. 
Nineteen  per  cent  used  German  denatured  alcohol,  81  per  cent  used  a 
mixture  containing  20  per  cent  benzole,  and  the  consumption  varied 
from  1.1  liters  per  German  horsepower  hour  (2.35  pints  per  brake 
horsepower  hour)  maximum  to  0.43  liter  per  German  horsepower 
hour  (0.92  pint  per  brake  horsepower  hour)  minimum,  the  average 
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being  0.57  liter  per  Oermaii  hor>epower  hour  (1.2:2  pints  per  hrako 
horsepower  hour). 

Denatured  alcohol  cost  at  that  time  in  Geruiany  17  marks  per  hecto- 
liter  (15.2  cents  per  gallon)  and  benzole  costs  21.5  marks  j^er  hecto- 
liter, equivalent  to  19.4  cents  per  gallon.  The  20  per  cent  benzol* 
mixture  therefore  costs  17.0  marks  per  hectoliter  (16.11  cents  per 
gallon).  Gasoline  was  almost  invariably  used  for  starting,  and  85 
liters  (22.4  gallons)  seems  to  be  the  average  amount  necessary  per 
year,  costing  80  marks  per  hectoliter  (32.4  cents  per  gallon),  with  a 
total  cost  for  starting  of  about  30  marks  ($7.25)  per  year.  The  fuel 
consumption  averaged  4.28  kilometers  of  coal  per  horsepower-hour 
(9.41  pounds)  and  0.57  liter  (1.2  pints  per  horsepower-hour)  for 
alcohol.  This  is  rather  higher  than  reported  in  the  various  tests  on 
these  engines,  but  these  figures  represent  the  average  of  74  engines, 
considering  only  those  of  10  horsepower,  and  assuming  that  the  large 
sizes  balance  the  smaller  sizes.  With  these  figures  a  steam  engine 
with  an  average  of  10  horsepower  operating  1,000  hours  per  year  will 
cost  $240  j)er  year  for  fuel.  The  alcohol  engine,  operating  the  same 
number  of  hours  at  the  price  given,  would  cost  $253  per  year  for  fuel. 
This  makes  it  appear  that  the  cost  of  operation  of  the  alcohol  engine 
Ls  greater  than  the  steam  engine  in  spite  of  superiority  of  the  alcohol 
engine  compared  with  steam.  It  is  next  pointed  out. that  the  trans- 
portation of  alcohol  in  tanks  and  barrels  is  cheaper  than  that  of  coal 
(loose) ,  and  the  convenience  in  handling  and  the  elimination  of  a  man' 
constantly  attending  the  fire,  such  as  was  found  necessary  with  steam 
engines,  really  gives  the  alcohol  engine  a  small  advantage  on  oper- 
ating cost.  It  was  also  shown  that  the  cost  of  lubricants  is  no  greater 
for  the  alcohol  engine  than  for  the  steam  engine,  while  the  cost  of  i^e- 
pairs  seems  to  l^e  less.  Of  the  120  farmei's,  9  per  cent  found  the  alco- 
hol engine  to  cost  more  to  maintain,  34  per  cent  found  no  difference, 
and  57  per  cent  fouiKl  the  maintenance  less  for  the  alcohol  engine. 
Another  interesting  thing  brought  out  by  the  inquiry  was  that  the 
alcohol  engine  was  capable  of  operating  in  all  kinds  of  weather,  in 
some  cases  with  the  tem])erature  at  18°  F.  l>elow  freezing,  only  a  little 
more  time  being  required  to  start  up.  It  was  found  also  that  there 
was  absolutely  no  difticulty  in  instructing  the  ordinary'  person  in  the 
l^roper  methods  of  handling  and  operating  these  engines. 

The  number  of  engines  in  use  in  Europe  seems  to  be  quite  large, 
although  definite  infonnation  (m  this  is  difficult  to  obtain  at  the  pres- 
ent time.  One  estimate,  on  fairly  good  authority,  places  the  figure 
between  5,000  and  (),000  in  Germany.  The  number  that  will  probably 
be  used  in  this  country  is  difficult  to  estimate,  but  the  large  numl)er  of 
builders  now  engaged  in  turning  out  gas  and  gasoline  engines — one 
firm  alone  l>ei ng  equipped  to  turn  out  425  per  day — ^seems  to  indicate 
that,  if  the  cost  of  alcohol  fuel  compared  with  gasoline  and  coal  be 
not  too  great  a  handicap,  there  is  a  probability  of  an  exceedingly 
large  industrial  development  in  this  field,  though  not  immediately. 
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Besides  the  cost  of  alcohol  per  horsepower-hour  compared  with, 
gasoline,  there  is  another  element  that  must  be  favorable  before  the 
introduction  of  the  alcohol  engine  can  become  very  wide,  and  that  is 
the  interest  of  the  builders.  From  correspondence  with  the  builders 
of  gasoline  and  kerosene  engines  in  this  country,  it  appears  that 
practically  all  of  them  are  indifferent  to  the  introduction  of  alcohol 
machines.  They  are  quite  willing  that  their  regular  engines  be  sold 
for  and  used  with  alcohol,  but  they  are  not  inclined  to  give  any 
guaranties  on  performance.  Individually  they  are  decidoly  averse 
in  nearly  every  case  to  undertaking  the  development  of  a  special  alco- 
hol engine,  because  this  means  extra  expense  in  drawings,  patterns, 
gigs,  tools,  etc,  and  it  is  certain  that  they  will  do  very  little  so  long  as 
the  public  will  continue  to  buy  gasoline  and  kerosene  engines  and  not 
insist  upon  having  a  specially  designed  alcohol  machine. 

CONCLUSIONS. 

The  following  conclusions  regarding  the  use  of  alcohol  as  fuel  for 
engines  as  compared  with  gasoline  are  based  on  the  preliminary 
results  of  the  Department's  experiments,  upon  results  of  the  Euro- 
pean experiments  and  investigations  which  have  been  presented  in 
the  foregoing  pages,  and  upon  the  general  knowledge* of  the  authors: 

(1)  Any  engine  on  the  American  market  to-day,  operating  with 
gasoline  or  kerosene,  can  operate  with  alcohol  fuel  without  any 
structural  change  whatever  with  proper  manipulation. 

(2)  Alcohol  contains  approximately  0.6  of  the  heating  value  of 
gasoline,  by  weight,  and  in  the  Department's  experiments  a  small 
engine  required  1.8  times  as  much  alcohol  as  gasoline  per  horsepower 
hour.  This  corresponds  very  closely  with  the  relative  heating  value 
of  the  fuels,  indicating  practically  the  same  thermal  efficiency  with 
the  two  when  vaporization  is  complete. 

(3)  In  some  cases  carbureters  designed  for  gasoline  do  not  vaporize 
all  the  alcohol  supplied,  and  in  such  cases  the  excess  of  alcohol  con- 
sumed is  greater  than  indicated  above. 

(4)  The  absolute  excess  of  alcohol  consumed  over  gasoline  or  kero- 
sene will  be  reduced  by  such  changes  as  will  increase  the  thermal 
efficiency  of  the  engine. 

(5)  The  thermal  efficiency  of  these  engines  can  be  improved  when 
they  are  to  be  operated  by  alcohol,  first  by  altering  the  construction 
of  the  carbureter  to  accomplish  complete  vaporization,  and  second, 
by  increasing  the  compression  very  materially. 

(6)  An  engine  designed  for  gasoline  or  kerosene  can,  without  any 
material  alterations  to  adapt  it  to  alcohol,  give  slightly  more  power 
(about  10  per  cent)  than  when  operated  with  gasoline  or  kerosene,  but 
this  increase  is  at  the  exix^nse  of  greater  consumption  of  fuel.  By 
alterations  designed  to  adapt  the  engine  to  new  fuel  this  oxress  of 
power  may  be  increased  to  about  20  per  cent. 

(7)  Because  of  the  increased  output  without  corresponding  increase 


40 

Ml  size,  alcoliol  engines  should  sell  for  less  per  horsepower  than  gaso- 
line or  kerosene  engines  of  the  same  class. 

(8)  The  different  designs  of  gasoline  or  kerosene  engines  are  not 
equally  well  adapted  to  the  burning  of  alcohol,  though  all  may  bun 
it  with  a  fair  degree  of  success. 

(9)  Storage  of  alcohol  and  its  use  in  engines  is  much  less  danger 
ous  than  that  of  gasoline,  as  well  as  being  decidedly  more  pleasant. 

(10)  The  exhaust  from  an  alcohol  engine  is  less  likely  to  b 
offensive  than  the  exhaust  from  a  gasoline  or  kerosene  engine 
although  there  will  be  some  odor,  due  to  lubricating  oil  and  imper 
feet  combustion,  if  the  engine  is  not  skillfully  operated. 

(11)  It  requires  no  more  skill  to  operate  an  alcohol  engine  thai 
one  intended  for  gasoline  or  kerosene. 

(12)  There  is  no  reason  to  suppose  that  the  cost  of  repairs  anc 
lubrication  will  be  any  gi'eater  for  an  alcohol  engine  than  for  on< 
built  for  gasoline  or  kerosene. 

(13)  There  seems  to  be  no  tendency  for  the  interior  of  an  alcohol 
ongine  to  become  sooty,  as  is  the  case  with  gasoline  and  kerosene. 

(14)  With  proper  manipulation,  there  seems  to  be  no  undue  cor- 
i*osion  of  the  inferior  due  to  the  use  of  alcohol. 

(15)  The  fact  that  the  exhaust  from  the  alcohol  engine  is  not  a? 
hot  as  that  from  gasoline  and  kerosene  engines  seems  to  indicate  thai 
there  will  be  less  danger  from  fire,  less  offense  in  a  room  traversed 
by  the  exhaust  pipe,  and  less  possibility  of  burning  the  lubrioatin| 
oil.  This  latter  point  is  also  borne  out  by  the  fact  that  the  exhaust 
shows  less  smokiness. 

(IG)  In  localities  where  there  is  a  supply  of  cheap  raw  material 
for  the  manufacture  of  denatured  alcohol,  and  which  are  at  the  same 
time  remote  from  the  source  of  supply  of  gasoline,  alcohol  maj 
immediately  compete  with  gasoline  as  a  fuel  for  engines. 

(17)  If,  as  time  goes  on,  kerosene  and  its  distillates  become  scarcei 
and  dearer  by  reason  of  exhaustion  of  natural  deposits,  the  alcoho! 
engine  will  bMCcome  a  stronger  and  stronger  competitor,  with  a  pos 
sibility  that  in  time  it  may  entirely  supplant  the  kerosene  and  gaso- 
line engines. 

(18)  By  reason  of  its  greater  safety  and  its  adaptability  to  th< 
work,  alcohol  should  immediately  supplant  gasoline  for  use  in  boats 

(10)  By  reason  of  cleanliness  in  handling  the  fuel,  increasec 
safety  in  fuel  storage,  and  less  offensiveness  in  the  exhaust,  alcoho 
engines  will,  in  part,  displace  gasoline  engines  for  automobile  work 
but  only  when  cost  of  fuel  for  operation  is  a  subordinate  considera 
tion.  In  this  field  it  is  impossible  to  conveniently  increase  the  com 
pression  because  of  starting  difficulties,  so  that  the  efficiency  can  nol 
be  improved  as  conveniently  as  in  other  types  of  engines. 

(20)  In  most  localities  it  is  unlikely  that  alcohol  power  will  U 
cheaper  oi-  as  cheap  as  gasoline  power  for  some  time  to  come. 
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LEGUMINOUS  CROPS  FOR  GREEN  MANURING 


GEEEir  MAimEIirG. 

Green  manuring,  or  the  plowing  under  of  green  crops  (figs.  1  and  2) , 
is  one  of  the  oldest  methods  used  to  maintain  or  to  increase  the  pro- 
ductivity of  the  soil.     The  effect  of  green  manuring  varies  according 


Fio.  1.— Field  of  cowpoas  ready  to  plow  under. 


to  the  original  character  of  the  soil.  In  general,  sandy  or  gravelly 
soils  are  made  darker  in  color  and  become  more  retentive  of  moisture. 
Clayey  soils  are  made  more  porous  and  friable,  so  that  they  are  less 
likely  to  puddle  or  bake,  and  are  less  subject  to  washing.  Loamy 
soils  are  less  noticeably  affected  than  others. 

The  most  important  object  acliieved  by  green  manuring  is  the 
addition  of  humus  to  the  soil.  Other  things  being  equal,  the  best 
green-manure  crop  is  that  which  furnishes  the  largest  amount  of 
material  which  will  readily  decay  in  the  soil  and  thus  form  humus. 
There  are,  however,  additional  ways  in  which  such  a  crop  may  bo  bene- 
ficial.    Deep-rooted  plants  are  decidedly  preferable  to  shallow-rooted 
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OTvea  \)ecaAi«e  they  penetrate  into  the  subsoil.  In  this  way  air  and 
wat^r  ftnd  entrance,  especially  after  the  roots  decay.  Thus  in  a 
way  every  deep-rooted  plant  is  a  subsoiler.  It  is  also  supposed 
that  such  plants,  especially  when  plowed  under,  tend  to  enrich  the 
surface  soil  vnth  potash  and  phosphorus  from  the  subsoil,  thus  bringing 
these  substances  within  the  reach  of  shallow-rooted  plants. 

Ijeguminous  ])lants  are  more  valuable  for  green  manuring  than 
others  because  they  not  only  provide  humus  but  also  have  the  ability 
to  use  the  nitrogen  of  the  air,  which  upon  decaying  they  add  to  the 
soil.  For  this  reason  green-manure  crops  should  always  be  legumes 
if  such  are  adapted  to  the  ])articidar  locality  where  needed  and  can  be 
so\vTi  at  the  time  desired. 

THE  USE  OF  GEEEN  MANTJBES. 

Green  manuring  as  a  definite  farm  practice  can  be  recommended 
only  under   certain   conditions.     It  is  profitable  in  upbuilding  poor 


Fig.  1?.—  riowinp  un<lor  u  crop  of  cowix^as. 


soils  and  iu  improving  the  pliysical  coiulition  of  sandy,  clayey,  and 
adobe  soils.  In  orchards  green  manures  may,  as  a  rule,  be  used  very 
advantageously,  as  tluy  do  not  interfere  with  the  fruit  crops. 

Green  maiuiring  can  not  be  recommended  on  good  soils,  except  at 
long  intervals  when  there  is  reason  to  believe  that  there  is  need  either 
of  more  hunuis  or  more  nitrogen.  Where  red  clover  or  alfalfa  can  be 
used  in  rotation  the  need  of  a  special  gn^en-m  ami  re  crop  is  seldom  felt. 
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The  reason  lies  in  the  fact  that  about  one-third  of  the  weight  of  the 
clover  plant  and  nearly  one-half  of  that  of  alfalfa  is  in  the  root,  so  that 
these  plants  virtually  produce  a  green-manure  crop  under  the  ground 
in  addition  to  the  regular  crop  of  hay.  Sweet  clover  is  another  plant 
of  this  class  and  of  wide  adaptation  as  to  soil  and  climate,  but  unfor- 
tunately the  hay  is  not  readily  eaten  by  cattle,  so  that  it  is  used  in 
limited  sections  only. 

A  serious  objection  to  a  green-manure  crop  lies  in  the  fact  that  it 
must  ordinarily  take  the  place  of  a  regular  crop,  so  that  the  income 
from  the  land  is  lost  for  the  season.  The  value  of  the  practice  in 
any  particular  case  must  be  measured  by  the  results  secured  in  the 
subsequent  crop.  Frequently  it  will  happen  that  as  good  or  nearly  as 
good  results  can  be  obtained  by  the  use  of  commercial  fertilizers;  in 
such  cases  it  is  often  best  to  use  them,  thus  retaining  the  use  of  the 
land  for  the  season.  Sooner  or  later,  however,  the  humus  of  the  soil 
becomes  depleted  and  must  be  replaced.  Where  clover  or  some  simi- 
lar large-rooted  crop  can  not  be  used  in  rotation,  recourse  must  be 
had  either  to  green  manuring  or  to  the  application  of  barnyard 
manure. 

The  use  of  green  manures  in  semiarid  regions  is  as  a  rule  impracti- 
cable, as  with  insufficient  moisture  vegetable  matter  decays  very 
slowh'.  The  soil  is  thus  filled  with  air  spaces  and  loses  much  more 
water  by  evaporation. 

THE  PEINGIPAL  LEGUMHrOTIS  CHOPS. 

There  are  in  the  ITnited  States  15  leguminous  field  crops  that  are 
more  or  less  extensively  grown.  In  the  approximate  order  of  their 
importance  they  are  as  follows:  Red  clover,  alfalfa,  cowpeas,  alsike 
clover,  crimson  clover,  white  clover,  Canada  peas,  soy  beans,  pea- 
nuts, vetch,  velvet  beans,  Japan  clover,  and  bur  clover.  A  few 
more  are  cultivated  to  a  less  extent,  as  sweet  clover,  beggarweed, 
grass  peas,  fenugreek,  and  horse  beans.  Many  others  have  been 
tested  in  an  experimental  way,  but  as  yet  are  not  grown  as  crops. 

From  an  agricultural  point  of  view  legumes  may  be  classified  into 
three  groups:  (1)  Summer  annuals,  including  cowpeas,  soy  beans, 
peanuts,  beans,  velvet  beans,  and  in  the  North  common  vetch  and 
Canada  peas;  (2)  }Vinter  annuals ,  comprising  crimson  clover,  bur 
clover,  hairy  vetch,  and  in  the  South  common  vetch  and  Canada 
peas;  (3)  Biennials  or  perennials,  embracing  red  clover,  white  clover, 
alsike  clover,  alfalfa,  and  sweet  clover. 

Each  of  these  crops  can  be  grown  advantageously  only  in  a  more 
or  less  definitely  limited  region.  For  the  particular  purpose  in 
view,  it  rarely  happens  that  a  choice  of  two  or  more  equally  valuable 
legumes  is  offered.     Usuall}'  one  is  so  much  superior  to  any  other 
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available  that  substitution  is  practically  out  of  the  question.  In  a 
few  cases,  however,  the  use  of  one  legume  in  place  of  another  is 
practicable.  Thus  cowpeas  and  soy  beans  are  agriculturally  much 
alike  and  are  adapted  to  nearly  the  same  regions.  In  a  like  man- 
ner crimson  clover,  bur  clover,  and  the  vetches  over  a  large  area 
may  be  used  one  in  place  of  another.  In  some  sections  the  culture  of 
red  clover  is  no  longer  profitable,  principally  owing  to  diseases. 
Alsike  clover  has  been  used  to  some  extent  as  a  substitute,  but  the 
yield  is  ordinarily  much  less.  There  is  also  an  increasing  use  of 
alfalfa  in  place  of  red  clover,  but  with  alfalfa  the  best  practice  is  to 
keep  the  fields  in  this  crop  three  years  or  longer. 

HOW  LEGUMES  GET  NITEOGEIT  FBOM  THE  AIB. 

It  was  known  even  in  ancient  times  that  much  larger  crops  of 
various  kinds  could  be  produced  on  land  that  had  been  in  clover  or 
lupines  the  previous  season. 

In  modern  agriculture  the  value  of  legumes  is  quite  generally 
appreciated,  as  seen  in  the  common  practice  of  growing  clover  or 
some  other  legume  in  rotation  at  frequent  intervals.  The  reason 
why  legumes  have  a  beneficial  effect  was  discovered  by  Hellriegel 
and  Wilfarth  in  18S(),  though  many  accurate  experiments  had  long 
before  proved  the  fact . 

An  examination  of  the  roots  of  leguminous  plants  will  reveal  on 
many  of  them  nodules  or  tubercles;  s(mietimes  ver^^  few,  sometimes 
very  many.  (See  figs.  4,  7,  and  14.)  Tluvse  varj'  in  size  and  shape 
according  to  the  kind  of  plant.  Thus,  on  red  clover  (see  fig.  4)  they 
are  more  or  less  round,  and  (^uite  small;  on  the  cowpea  they  are 
also  round  and  nearly  smooth,  but  much  larger;  on  the  velvet  bean 
they  may  even  reach  the  size  of  a  pigeon  egg;  on  the  vetches  they 
are  irregular,  both  in  shape  and  size.  The  differences  in  the  tubercles 
are  such  that  in  many  cases  it  is  possible  to  determine  the  plant  to 
which  the  root  belongs. 

Hellriegel  and  others  have  proved  beyond  any  question  that 
when  leguminous  plants  have  these  tubercles  on  the  roots  they 
can  make  use  of  the  free  nitrogen  of  the  air;  when  they  do  not  have 
these  tubercles  they  are  powerless  to  do  this,  but  must  obtain  their 
supply  of  nitrogen  from  the  soil  in  the  siime  manner  as  most  other 
])lants.  It  has  further  been  proved  that  these  tubercles  are  caused  by 
a  c(»rtain  kind  of  bacterui,  and  that  it  is  really  by  these  bacteria  that 
the  nitrogen  of  the  air  is  absorbed  so  that  it  can  be  used  by  the  clover 
or  by  other  l(»gumes.  There  is  thus  a  peculiar  interrelation  estab- 
lished between  the  leguminous  plant  and  the  bacteria.  The  latter 
obtain  their  principal  nourishment  from  the  legume,  while  in  turn 
they  provide*  nitrogen  from  the  air  which  can  be  used  by  the  host 
plant . 


IirOCULATION. 

Nearly  every  legume  has  its  own  particular  strain  of  nodule  bac- 
teria. For  example,  that  of  the  clover  is  different  from  that  of  alfalfa, 
and  that  of  the  cowpea  distinct  from  that  of  the  soy  bean.  In  plant- 
ing a  leguminous  crop  for  the  first  time  it  will  therefore  often  happen 
that  no  tubercles  will  form  on  the  roots,  because  the  proper  kind  of 
bacteria  is  not  present  in  the  soil.  These  may  be  supplied  b}^  scatter- 
ing soil  from  a  field  where  the  crop  in  question  has  been  recently 
grown,  or  by  using  an  artificial  culture  of  the  proper  bacteria.  After 
the  field  is  once  thoroughly  inoculated  there  is  rarely  any  difficulty 
afterwards  in  getting  an  abundant  supply  of  root  tubercles. 

The  same  strain  of  bacteria  will  often  inoculate  different  closely 
related  legumes.  Thus  alfalfa,  bur  clover,  and  sweet  clover  are 
tubercled  by  the  same  strain;  a  different  strain  inoculates  most  kinds 
of  vetches,  as  well  as  the  field  and  garden  peas;  still  another  strain  is 
apparently  used  by  red  clover^  white  clover,  and  alsike  clover  in 
common. 

There  is  a  marked  variation  among  different  legumes,  both  in  the 
extent  to  which  they  are  naturally  tubercled  and  in  the  ease  with 
which  different  ones  may  be  artificially  inoculated.  Natural  inoc- 
ulation presupposes  the  existence  of  the  proper  germ  in  the  soil, 
and  this  is  nearly  always  present  over  areas  where  a  particular  legume 
has  been  generally  grown.  Thus  red  clover  is  practically  always 
naturally  inoculated  in  the  northeastern  quarter  of  the  United  States 
and  cowpeas  in  the  southeastern.  Alfalfa  is  naturally  tubercled  as 
a  rule  in  the  West,  while  in  the  East  artificial  inoculation  is  usually 
necessary. 

Artificial  inoculation  is  usually  accomplished  with  ease  as  regards 
cowpeas,  red  clover,  vetches,  field  peas,  and  most  other  legimies. 
Soy  beans,  however,  frequently  give  negative  results.  Sweet  clover 
is  much  more  readily  inocidated  than  alfalfa,  though  both  use  the 
same  strain  of  bacteria. 

In  some  cases  the  tubercle  germs  occur  in  sufficient  abundance  on 
the  seeds  to  provide  inoculation.  This  occurs  more  particularly  on 
seeds  that  are  tramped  out  by  oxen  or  which  otherwise  become  cov- 
ered with  dust  from  the  field.  An  interesting  illustration  of  this 
occurred  in  1906  in  the  case  of  guar,  an  East  Indian  legume.  Neither 
this  plant  nor  any  closely  related  species  had  previously  been  grown  in 
this  country.  Nevertheless,  at  Chillicothe,  Tex.,  the  plants  were 
abundantly  tubercled. 
21913— No.  278—07—2 


10 
SOTIEGES  OF  SOIL  NITEOGEIT. 

Nitrogen,  as  purchased  in  commercial  fertilizers,  such  as  nitrate  of 
soda,  guano,  tankage,  and  dried  blood,  is  the  most  expensive  manu- 
rial  substance  a  farmer  has  to  buy.  Its  cost  in  these  various  forms 
ranges  from  15  to  20  cents  a  pound.  To  a  very  large  extent,  at  least, 
the  purchase  of  the  cosdy  nitrogenous  fertilizers  can  be  avoided  by 
the  growing  of  green-manure  crops,  especially  legumes. 

There  are  two  principal  ways  in  which  nitrogen  is  naturally  added 
to  the  soil.  The  first  and  much  more  important  way  is  by  means  of 
legumes.  This  takes  place  only  when  the  roots  of  the  leguminous 
plant  bear  bacterial  nodules  or  tubercles.  The  amount  of  nitrogen 
that  any  particular  legume  can  add  is  directly  proportional  to  the 
number  and  size  of  the  tubercles  on  its  roots.  Little  is  known 
regarding  the  relative  abilities  of  different  legumes  to  fix  atmospheric 
nitrogen,  though  they  differ  widely.  It  has  sometimes  been  assumed 
that  those  are  most  efficient  whoso  herbage  is  richest  in  tliis  sub- 
stance. This  is  at  least  questionable,  as  these  same  species  may  be 
able  to  utilize  more  of  the  soil  nitrogen  than  others. 

The  second  way  in  which  nitrogen  is  added  to  the  soil  is  through  the 
activity  of  certain  soil  bacteria.  These,  especially  if  provided  with 
decaying  vegetable  or  animal  matter,  are  able  to  use  the  nitrogen  of 
the  air,  forming  nitrogen  compounds.  The  amount  of  the  nitrogen 
thus  fixed  depends  on  a  number  of  factors.  A  supply  of  decaying 
material  nuist  be  available  as  food  for  the  bacteria,  the  soil  must  be 
well  aerated  and  must  not  be  sour,  and  there  must  be  lime  or  other 
substance  in  the  soil  with  which  the  nitrogen  can  be  combined.  With 
these  conditions  fulfilled  the  bacteria  are  most  active  when  the  soil  is 
warm-  that  is,  in  summer.  It  is  now  l)elieved  that  the  principal 
benefit  achieved  by  summer  fallowing  is  the  increase  in  the  amount  of 
nitrogen  by  soil  bacteria.  It  may  here  be  pointed  out  that  in  experi- 
ments green-manure  crops  have  yielded  the  best  results  when  turned 
under  shallow.  This  result  is  ])erha])s  due  to  the  fact  that  the  best 
conditions  are  thus  ])rovi(led  for  the  activity  ot  the  soil  bacteria. 

Two  general  methods  of  dotermining  the  amount  of  nitrogen  added 
to  the  soil  by  a  leguminous  croj)  have  b(»en  employed.  The  first  is  by 
analyzing  the  soil  before  the  crop  is  grown  and  again  afterward.  The 
other  method  is  to  determine  the  nitrogen  content  of  plants  with 
tubercles  as  compared  with  those  that  have  no  tubercles.  The  differ- 
ence will  show  a])proximately  the  amount  of  nitrogen  gathered  from 
the  air.  The  error,  if  any,  in  the  latter  method  will  be  an  underesti- 
mate, as  there  is  reason  to  believe  that  some  nitrogen  passes  from  the 
root  tubercles  to  the  soil  before  the  plant  is  mature. 

At  th(*  Illinois  Agricultural  Kx])eriment  Station  it  was  found  that 
cow  pea  plants  with  tubercles  on  the  roots  were  not  only  much  larger, 
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but  that  they  also  were  much  richer  in  nitrogen.  Those  with  tuber- 
cles yielded  3.96  per  cent  of  nitrogen,  while  those  without  tubercles 
had  but  2.22  per  cent  of  nitrogen. 

At  the  Michigan  Agricultural  Experiment  Station  it  was  found  that 
soy  beans  with  tubercles  on  the  roots  yielded  113.55  pounds  of  nitro- 
gen per  acre,  while  those  without  tubercles  yielded  but  75.98  pounds. 
Cowpeas  yielded,  respectively,  139.21  and  118.45  pounds.  Thus  the 
soy  bean  tubercles  increased  the  amount  of  nitrogen  by  37.57  pounds 
per  acre,  or  nearly  50  per  cent,  while  the  cowpea  increase  was  but  20.76 
pounds  per  acre,  or  a  little  more  than  20  per  cent. 

LOSS  OF  SOIL  iriTBOGEir. 

It  is  important  to  know  that  imder  certain  conditions  nitrogen 
may  escape  from  the  soil  as  a  gas.  This  result  is  brought  about 
principally  by  certain  organisms,  called  denitrifying  bacteria,  that 
break  up  nitrogen  compounds  and  permit  the  nitrogen  to  escape, 
usually  in  the  form  of  ammonia.  Little  is  yet  known  of  this  process, 
but  it  is  believed  to  occur  under  various  different  conditions.  There 
are  probably  different  bacteria  which  under  different  conditions  cause 
these  losses.  It  is  known,  however,  that  large  loss  is  likely  to  occur 
when  there  is  present  abundant  decaying  matter,  high  temperature, 
and  lack  of  air.  Such  losses  occur  particularly  in  rich  water-logged 
lands  and  in  manure  heaps.  For  these  reasons  it  is  not  good  practice 
to  endeavor  to  obtain  a  large  store  of  nitrogen  in  the  soil  beyond  the 
needs  of  the  crops.  For  the  same  reason  green-manure  crops  should 
not  be  used  on  lands  that  are  decidedly  wet. 

COMPOSITION  OF  GEEEN-MAinTBE  CHOPS. 

The  essential  fertilizing  substances  added  to  the  soil  as  manures 
are  nitrogen,  phosphorus,  and  potash.  The  accompanying  table 
gives  the  amount  of  these  substances  in  both  the  tops  and  roots  of 
several  legumes,  as  shown  by  a  number  of  analyses  of  each. 

It  has  been  found  that  all  plants  vary  widely  in  the  relative  amount 
of  these  materials  they  contain.  The  same  plant  varies  when  grown 
on  different  soils  or  in  different  seasons  on  the  same  soil.  The  cause 
for  the  variation  in  nitrogen  has  been  fully  explained.  The  reason 
for  the  variation  as  regards  the  other  substances  which  are  obtained 
wholly  from  the  soil  are  obscure.  In  the  accompanying  table  it  will 
be  noted  that  the  variation  in  legumes  as  regards  phosphorus  and 
potash  is  nearly  as  great  in  any  one  legume  as  it  is  between  different 
legumes.  It  has  been  suggested  by  several  writers  that  certain  green- 
manure  crops  by  feeding  heavily  on  phosphorus  and  potash  make 
these  substances  more  available  to  subsequent  crops.     It  is  very 
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doubtful  whether  this  is  true,  but  if  it  is  there  is  little  apparent 
advantage  of  any  one  legume  over  another  in  this  respect. 

Fertilizing  materials  in  100  pounds  of  dry  substance. 
fCompiled  from  various  sources.] 


Plant  and  part. 


Nitrogen.!  •'•'o^phoric 


Red  clover: 

Tops 

Tops 

Tops 

Tops 

Roots 

Alfalfa: 

Tops 

Tops 

Tops 

Roots 

Crimson  clover: 

Tops 

Tops 

Tops 

Roots 

Cowpea: 

Tops 

Tops 

Tops 

Tops 

Tops 

Tops 


Pounds. 
2.56 
2.07 
1.97 
2.81 
2.74 

2.42 
2.30 
2.19 
2.04 

2.38 
2.05 
1.95 
1..W 

2.32 
1.81 
1.59 
1.95 
1.75 
2.23 


Pounds. 
0.72 
38 
.56 
.65 
.84 

.58 
.53 
.51 
.43 

1.10  1 

.40  ; 
.36 

.47  I 

.51  ' 

.65 

.30 

.52 

.45 

.57 


Potash. 


Pounds. 
1.40 
2.20 
1.86 
3.10 
.82 

1.42 

1.46 

1.68 

.48 

1.56 
1.31 
1.17 
1.02 

2.92 
1.29 
1.53 
1.47 
1.27 
2.00 


Plant  and  part.  ! Nitrogen. ^^^^j?^^*^   Potash 


Cowpea— Cont'd. ' 

Tops : 

Roots I 

Roots ' 

Roots 

Roots 

Soy  bean: 

Tops 

Tops I 

Tops 

Tops 

Tops 

Tops ! 

Tops ! 

Roots 

Roots 

Roots 

Velvet  bean 

Common  vetch : 

Tops 

Tops 

Tops I 

Roots 


Poundit. 
2.09 
1.19 
.68 
1.46 
1.40 

2.06 
2.32 
2.97 
2.60 
1.53 
2.01 
1.75 
.81 
1.22 
1.11 
2.51 

3.53 
3.18 
2.27 
2.19 


Pounds. 

Pounds. 

.56 

3.04 

.67 

1.94 

.64 

1.16 

.16 

.77 

.73 

.76 

.80 

1.20 

.67 

1.08 

.55 

1.98 

.65 

2.23 

.57 

1.76 

.65 

2.17 

.40 

1.32 

.36 

.90 

.32 

.24 

.35 

.87 

.53 

3.84 

.74 

2.56 

.77 

3.  .50 

.62 

1.97 

.79 

1.18 

GEEEN  MAiniEIirG  GOMPAEED  WITH  FEEDIITQ. 

Barnvard  manure  contains  from  75  to  90  per  cent  of  the  total 
fertilizing  substance  in  the  feeds  used.  It  is  beyond  question  a 
better  practice  from  all  standpoints  to  feed  a  crop,  whether  legumi- 
nous or  nonleguminous,  and  then  distribute  the  manure  over  the 
land,  than  it  is  to  plow  under  the  whole  crop.  This  practice  utilizes 
the  whole  feed  value  of  the  crop.  Further,  it  returns  an  important 
part  of  it  to  the  soil  in  a  highly  available  form  for  plant  food.  Un- 
questionably this  is  the  ver}^  best  farm  practice  in  maintaining  soil 
fertility.  Were  it  pc^ssible  on  any  farm  to  feed  the  entire  product 
to  live  stock,  returning  the  manure  to  the  soil,  the  productivity  of 
that  farm  would  be  maintained  indefinitely.  The  only  depletion 
that  would  occur  would  be  the  comparatively  small  amount  of  potash 
and  phosphorus  sold  in  the  live-stock  product.  The  loss  of  nitrogen 
would  be  more  than  maintained  by  the  activity  of  the  soil  bacteria. 

It  is,  of  course,  well  known  that  other  causes  than  the  removal  of 
plant  food  may  reduce  the  productivity  of  the  soil.  Such  causes  as 
sour  soil,  the  deleterious  effect  of  one  crop  upon  the  succeeding  one, 
and  poor  tillage  may  and  often  do  result  in  poor  crops.  These  causes 
are,  however,  largely  within  the  control  of  the  farmer  and  in  no  way 
afTect  the  general  statements  above  made. 

The  feeding  of  crops,  taken  as  a  whole,  is  necessarily  limited  by  the 
total  demand  for  live  stock.  The  total  number  of  live  stock  required 
to  supply  the  market  demands  can  furnish  but  a  small  proportion  of 
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the  manure  needed.  On  this  account  the  practical  use  of  bam 
manure  is  naturally  limited  to  regions  where  animal  husband: 
prominent.  Where  stock  raising  is  but  little  developed  recc 
must  be  had  to  other  fertilizers.  It  is  primarily  in  such  regions 
the  use  of  green  manures  is  necessitated. 

OECHAED  COYEE  CEOPS. 

The  term  ''cover  crops''  was  originally  used  to  include  c 
grown  for  various  diverse  purposes,  such  as  to  prevent  soil  washin 
hold  drifting  snow,  for  keeping  the  soil  warm  in  winter,  and  to  hg 
the  ripening  of  wood.  As  these  crops  were  used  largely  in  orch 
and  as  they  were  often  legumes,  so  that  they  might  serve  also  as  g 
manures,  the  term  ^^ cover  crop''  is  frequently  used  to  include  c 
grown  in  orchards  primarily  for  green  manure. 

The  growing  of  leguminous  crops  in  orchards  is  generally 
sidered  excellent  practice,  except  in  dry  regions  where  irrigatic 
impracticable. 

In  the  citrus  orchards  of  southern  California  a  number  of  difle 
legumes  are  used  as  winter  cover  crops;  among  them  Canada  ] 
conunon  vetch,  hairy  vetch,  and  fenugreek.  Besides  these,  n 
others  have  been  tried  in  an  experimental  way,  such  as  horse  be 
scarlet  vetch,  black-purple  vetch,  lupines,  sweet  clover,  and  bers( 
The  two  first  mentioned  are  most,  used  at  present,  and  the  gei 
opinion  is  that  the»  practice  is  decidedly  profitable.  There  is,  1 
ever,  a  lack  of  accurate  data  on  this  point.  Some  orange  gro 
are  also  using  cowpeas  as  a  summer  cover  crop. 

In  Delaware  and  other  States  of  the  Atlantic  seaboard,  crin 
clover  is  the  most  common  legume  used  as  a  cover  crop.  To  a 
extent  common  vetch  and  hairy  vetch  are  employed. 

At  the  Ohio  Agricultural  Experiment  Station  it  was  found 
apple  trees  grew  more  rapidly  and  yielded  larger  crops  when 
orchard  was  kept  in  grass.  After  each  mowing  the  straw  was  use 
a  mulch  about  the  trees.  Where  the  trees  were  cultivated  in  a  c 
of  3  or  4  feet  about  the  base,  the  results  were  distinctly  infe 
Clean  summer  culture  with  a  winter  cover  crop  gave  results  ii 
mediate  between  the  other  two. 

It  is  probable  that  the  best  results  in  different  portions  of 
country  will  be  obtained  by  different  methods.  There  is  much  i 
of  determining  accurately  the  results  of  different  treatmenti 
shown  both  by  the  growth  of  the  trees  and  the  crop  produced. 
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14 
CBOPS  TO  FOLLOW  GEEEIT  MANTTBES. 

The  plowing  under  of  large  quantities  of  green  herbage,  as  illustrated 
in  figure  2,  p.  6,  especially  when  this  is  done  during  the  summer, 
often  brings  about  the  formation  of  considerable  acid,  or,  in  other 
words,  makes  the  soil  sour.  This  condition  may  be  corrected  by 
the  use  of  lime,  which  should  be  applied  at  the  rate  of  a  toi;i  to  a 
ton  and  a  half  to  the  acre.  Some  farmers  claim  to  get  much  better 
results  by  applying  the  lime  before  plowing  under  the  crop.  In  any 
case,  it  is  advisable  to  let  the  green  manure  after  being  plowed  under 
decay  a  month  or  more  before  planting  the  succeeding  crop. 

The  full  results  of  a  green  manure  are  obtained  only  after  it  is  com- 
pletely decayed  and  changed  into  a  soluble  form.  This  requires  con- 
siderable time,  so  that  the  beneficial  results  are  often  shown  for  two  or 
more  seasons. 

Generally  speaking,  cultivated  crops  are  the  best  to  follow  green 
manures.  The  tillage  of  such  crops  hastens  the  decay  of  the  vegetable 
matter  and,  by  aerating  the  soil,  favors  additional  nitrogen  fixation 
by  the  soil  bacteria.  Com,  cotton,  potatoes,  and  tobacco,  on  most 
soils,  derive  great  benefit  when  following  green  manures.  Rye  and 
oats  are  likewise  good  crops  to  use  in  this  way.  Wheat  and  barley 
give  varying  results,  often  very  favorable,  but  not  infrequently  there 
is  no  increase  or  even  a  loss.  This  is  especially  true  the  first  season 
following  a  green-manure  crop. 

THE  CHOICE  OF  A  GREEH-MAinTBE  CHOP. 

Whenever  a  green-manure  crop  is  to  be  used,  preference  should  be 
given  to  a  legume  if  it  is  available,  because  such  a  crop  will  add  ma- 
terially to  the  nitrogen  content  of  the  soil.  Wliere  there  is  a  choice 
between  two  or  more  legumes,  the  question  arises  as  to  which  is  to  be 
preferred.  Among  the  important  points  that  determine  the  value  of  a 
leguminous  crop  are  (1)  its  value  as  forage,  both  in  quantity  and 
quality,  either  as  hay  or  pasture;  (2)  its  ability  to  supply  additional 
nitrogen.  Other  points  that  deserve  consideration  ai'e  the  cost  of  the 
seed,  the  ease  of  plowing  under  the  crop,  the  deep-rootedness  of  the 
plants,  and  their  ability  to  choke  out  weeds.  On  lands  of  fair  quality 
the  largest  profit  is  usually  obtained  by  using  the  crop  as  fodder. 
This  may  be  done  by  harvesting  it  for  hay,  leaving  only  the  stubble  to 
be  added  to  the  soil,  or  by  pasturing  the  crop,  by  which  means  the 
most  of  it  is  leturned  to  enrich  the  land. 

Wliere  the  whole  crop  is  plowed  under,  the  efl'ect  on  the  subsequent 
crops  is  determined  mainly  by  three  factors,  namely,  the  amoimt  of 
humus  formed,  which  is  directly  measured  by  the  tonnage  of  the  crop; 
the  physical  changes  brought  about  in  the  soil,  and  the  quantity  of 
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nitrogen  taken  from  the  air  and  added  to  the  soil.  It  is  generally 
believed  that  the  addition  of  nitrogen  is  the  most  important  of  these 
factors.  While  different  legumes  are  known  to  vary  in  their  respec- 
tive abilities  to  absorb  atmospheric  nitrogen,  there  is  much  yet  to  be 
learned  on  the  subject.  If  the  benefit  of  different  legumes  is  propor- 
tional to  the  amoimt  of  nitrogen  each  adds  to  the  soil,  then  their 
relative  values  can  be  determined  in  advance.  Thus  far  the  value 
of  different  green  manures  has  been  determined  wholly  or  mainly 
by  the  influence  they  have  on  the  succeeding  crop  or  crops. 

THE  PBIITGIPAL  GREEN-MANURE  CROPS. 
RED  CLOVER. 

Red  clover  (figs.  3  and  4)  is  the  most  common  legume  used  in  rota- 
tions in  the  Northern  States.  It  is  usually  grown  with  timothy, 
following  wheat  or  other  small 
grains.  As  a  general  rule  the 
timothy  seed  is  sown  in  the  fall 
with  the  grain,  and  the  clover  is 
sown  the  following  spring.  While 
the  beneficial  effect  of  plowing 
under  red  clover  or  red  clover 
sod  is  well  known,  there  has  been 
but  little  work  done  at  the  agri- 
cultural experiment  stations  to 
determine  accurately  the  amount 
of  benefit  thus  secured.  Results 
obtained  at  the  Illinois  Agricul- 
tural Experiment  Station  gave  an 
average  yield  of  35 1\  bushels  of 
corn  where  this  crop  was  gro\\Ti 
year  after  year  on  the  same  land. 
In  rotations,  the  average  yield 
was  55^^  bushels  for  the  first 
crop  after  clover  and  48  J  bush- 
els for  the  second  crop  after  clover. 

Some  exceedingly  interesting 
results  on  red  clover  as  a  green 
manure,  secured  by  the  Central 
Experimental  Farm, Ottawa, Can- 
ada,have  recently  been  published. 
In  one  of  these  experiments  four  plats  were  planted  to  spring  grains 
with  red  clover  and  four  to  the  same  grains  without  red  clover. 
After  the  grain  crops  were  harvested  the  clover  was  allowed  to  grow 
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on  the  four  plats,  and  having  attained  a  good  growth  was  plowed 
under  in  October.  The  remaining  four  plats  without  red  clover  were 
plowed  at  the  same  time.  The  following  spring  all  eight  plats  were 
seeded  to  oats.  Those  that  had  been  in  clover  yielded  an  average 
of  49 rV  bushels  to  the  acre,  against  38 1  bushels  for  the  plats  that 
had  no  clover.  All  four  of  the  plats  that  had  been  in  clover  showed 
an  increase,  the  greatest  being  19|  bushels  and  the  least  TJ  bushels. 
Without  additional  fertilizers  the  same  plats  were  seeded  the  follow- 
ing year  to  barley.     Those  that  had  been  in  clover  yielded  an  average 

of  37|  bushels  to  the 
acre,  while  the  others 
yielded  but  29  bush- 
els. This  experiment 
furnishes  a  clear  dem- 
onstration that  the 
good  effect  of  the  clo- 
ver lasts  .more  than 
one  season. 

In  another  experi- 
ment oats  were  gn  \vn 
on  four  plats,  follow- 
ing, respectively, 
brome-grass,  mixed 
grass  without  clover, 
mixed  grass  with  clo- 
ver, and  clover  alone. 
The  respective  yields 

wore33TV,36A,46TV, 
and  43  i  bushels.  The 
average  of  the  two 
plats  where  no  clover 
had  been  used  was  34  i 
bushels,  while  that  of 
the  two  where  clo- 
ver had  been  used 
averaged  44  J  bushels. 
The    Ix^nefit    derived 

from  th(^  hmI  clover  thercfon^  amounted  to  10  bushels  per  acre  more 

than  was  dcTived  from  the  grasses. 

Other   experiments   eon<hiete(l    in    this  same  series  showed  very 

marked  rav<)ral)h'  results  both  to  crops  of  fodder  corn  and  potatoes 

followinic  clover.     In  the  case  of  corn  the  increase  amounted  to  40 

per  cent  and  in  the  case  of  potatoes  to  2S  per  cent. 


Knots  of  r(><l  clover  showing  no.lulca. 
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COWPEAS. 

The  cowpea  (fig.  5)  is  used  more  than  any  other  crop  as  a  soil  reno- 
vator in  the  South.  Its  use  is  rapidly  increasing,  but  is  yet  far  from 
general.  During  the  past  few  years  the  high  price  of  the  seed  has 
tended  to  discourage  more  extensive  growing.  Recent  progress  in 
the  harvesting  of  cowpea  seed  by  machinery  will  doubtless  materially 
reduce  its  cost.     The  seed  is  at  present  almost  entirely  picked  by  hand. 

The  cowpea  is  character- 
ized by  remarkable  ability 
to  grow  in  poor  soils  and  to 
cover  the  ground  so  densely 
as  to  choke  out  most  weeds. 
It  usually  bears  an  abun 
dance  of  tubercles  on  its 
roots,  whether  the  soil  has 
been  inoculated  or  not, 
although  in  new  localities 
where  the  cowpea  has  not 
been  previously  grown  the 
tubercles  may  be  absent. 
In  such  cases  inoculation  is 
necessary,  for  it  must  always 
be  remembered  that  it  is 
through  the  tubercles  on  the 
roots  that  the  beneficial 
effects  of  the  cowpea  or  other 
legume  largely  depend. 

Cowpeas  are  very  com- 
m  o  n  1  y  planted  between 
rows  of  com  at  the  time  of 
the  last  cultivation,  or  they 
are  broadcasted  upon  the 
stubble  of  small  grains. 
Cowpeas,  however,  like 
other  crops,  respond  mark- 
edly to  cultivation  and  there 
is  a  growing  tendency  to  plant  them  upon  well  prepared  soil.  This 
practice  results  in  a  great  increase  of  the  crop,  whether  grown  for  hay 
or  for  seed.     (See  fig.  1,  p.  5.) 

More  numerous  experiments  have  been  conducted  in  this  country 
to  determine  the  effects  of  cowpeas  used  as  a  green  manure  than  have 
been  devoted  to  all  other  legimiinous  crops  combined.  Almost  with- 
out exception  these  experiments  have  indicated  a  very  beneficial 
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effect  upon  the  succeeding  crop.  The  benefit  often  lasts  two  or  three 
years.  These  good  results  follow  on  practically  all  succeeding  crops, 
whether  cotton,  corn,  sorghum,  or  small  grains.  Except  on  the 
poorest  soils  careful  experiments  show  that  it  is  decidedly  more 
profitable  to  use  the  cowpea  crop  as  hay  or  pasture  and  then  plow 
under  the  stubble  than  it  is  to  plow  under  the  whole  crop.  While 
plowing  under  the  whole  crop  produces  as  a  rule  a  greater  effect,  it  is 
not  enough  greater  to  equal  the  value  of  the  cowpea  crop  as  feed. 

A  few  of  the  striking  results  obtained  at  southern  experiment 
stati(Mis  are  here  given.  At  the  Arkansas  Agricultural  Experiment 
Station  the  effect  of  cowpeas  upon  the  succeeding  wheat  crops  was 
studied  for  a  period  of  four  years.  The  land  on  which  the  experi- 
ments were  conducted  had  all  been  in  wheat  in  1898.  This  was 
divided  into  equal  plats,  and  on  some  of  these  plats  Whippoorwill  cow- 
peas  were  planted,  while  others  were  left  bare.  The  average  yield 
on  two  plats  where  wheat  was  grown  continuously  and  no  cowpeas 
were  used  was  lO^V  bushels.  On  two  other  plats  where  a  crop  of 
cowpeas  was  plowed  under  in  the  autumn  of  1898  the  average  yield 
was  increased  to  14  f^j  bushels  for  the  four  years,  and  the  beneficial 
effect  of  the  cowpeas  plowed  underin  1898  persisted,  with  a  gradual 
diminution,  through  the  four  succeeding  jf-ears.  Where  only  cowpea 
stubble  was  plowed  under  in  the  autumn  of  1898  the  average  yield 
for  the  four  years  was  12 J  bushels,  and  a  slight  beneficial  effect  was 
still  observal)le  in  the  fourth  year.  On  two  other  plats  cowpeas  were 
planted  each  season  after  the  wheat  was  harvested  and  the  stubble 
plowed  under.  The  average  yield  of  wheat  on  these  plats  was  14| 
bushels.  Furthermore,  the  yield  on  these  last  two  plats  increased 
year  after  year  imtil  the  last  year  of  the  experiment,  one  of  them 
yielding  16/o  bushels  and  the  other  17|  bushels,  the  highest  yields 
reported  in  the  entire  experiment.  In  comparison  with  these  experi- 
ments with  cowpeas  other  plats  were  also  treated  with  commercial 
fertilizers.  The  effect  of  adding  200  pounds  of  nitrate  of  soda  in  the 
autumn  of  1898  raised  the  average  yield  of  wheat  to  nearly  11  bushels 
per  acre  and  the  entire  additional  effect  was  obtained  during  the 
season  following  the  application.  Where  800  pounds  of  complete 
fertilizer  were  used  in  the  autumn  of  1898  the  average  yield  of  wheat 
was  increased  to  13  bushels  per  acre,  the  most  marked  effects  being 
during  the  first  and  second  years.  On  the  soil  where  these  experi- 
ments were  conducted  there  is  thus  a  clear  advantage  in  favor  of  the 
cowpeas,  even  if  the  value  of  the  cowpea  crop  in  itself  be  ignored. 

Among  the  numerous  experiments  with  cowpeas  conducted  by  the 
Alabama  Agricultural  Experiment  Station  were  a  number  to  deter- 
mine the  effect  of  plowing  under  cowpea  vines  on  a  succeeding  crop 
of  cotton.     The  yield  of  seed  cotton  thus  produced  in  1899  was  1,533 
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pounds,  as  against  837  pounds  on  an  adjoining  plat  that  had  been  in 
cotton  the  previous  season,  thus  giving  a  clear  gain  of  696  pounds  of 
seed  cotton,  valued  at  $17.40. 

In  another  experiment  sorghum  yielded  5.66  tons  of  hay  fol- 
lowing cowpea  stubble,  5.72  tons  following  cowpea  vines  plowed 
under,  and  only  3.65  tons  following  a  previous  crop  of  sorghum.  The 
cowpeas  here  in  each  case  gave  a  clear  increase  of  more  than  two  tons 
per  acre. 

In  a  third  experiment  oats  following  cowpea  vines  plowed  under 
yielded  22J  bushels  per  acre,  while  following  German  millet  plowed 
under  they  yielded 
only  12|  bushels.  In 
another  similar  ex- 
periment oats  fol- 
lowing cowpea  stub- 
ble  yielded  34| 
bushels  and  follow- 
ing cowpea  vines 
plowed  under  28| 
bushels, while  follow- 
ing German  millet 
the  yield  was  9^% 
bushels.  These  last 
experimen  ts  i  n  d  i  - 
cate  that  the  effect 
of  a  leguminous 
green-manure  crop 
is  probably  due 
largely  to  the  nitro- 
gen which  it  adds  to 
the  soil,  as  it  may 
be  assumed  that  the 
amount  of  humus 
supplied  by  the  mil- 
let was  approxi- 
mately equal  to  that 
added  by  the  cowpeas. 
have  tended  to  reduce  the  normal  yield  instead  of  increasing  it . 

SOY  BEANS. 

Soy  beans  (fig.  6)  are  adapted  to  a  much  wider  range  of  climate 
than  cowpeas,  being  grown  successfully  even  in  Ontario  and  Massa- 
chusetts. As  a  forage  crop  soy  beans  have  some  points  of  superiority 
over  cowpeas,  the  hay  being  somewhat  easier  to  cure  and  richer  in 
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Fig.  6.— Soy  bean. 


It  is  possible,  however,  that  the  millet  may 
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protein.  The  seed  is  also  cheaper  than  that  of  cowpeas,  usually  cost- 
ing only  two-thirds  as  much.  This  is  principally  due  to  the  fact 
that  the  seed  can  readily  be  harvested  by  machinery.  It  also  has  an 
advantage  in  that  the  seeds  are  but  little  affected  by  weevils.  On 
these  accounts  soy  beans  are  preferred  by  an  increasing  number  of 
farmers  in  the  South.  Soy  beans,  however,  are  not  able  to  compete 
with  weeds  as  successfully  as  cowpeas,  and  on  this  account  the 
best  results  are  obtained  by  planting  in  rows,  so  that  they  may  be 
cultivated.  There  is  considerable  difficulty  experienced  at  first  in 
obtaining  tubercles  on  the  roots  of  soy  beans,  but  when  once  these  have 
appeared  in  a  particular  piece  of  ground  there  is  no  further  trouble. 

Apparently,  soy 
beans  have  a  greater 
power  than  cowpeas 
to  absorb  atmos- 
pheric nitrogen 
through  their  roots 
(fig-  7). 

In  an  investiga- 
tion conducted  at 
the  Michigan  Agri- 
cultural Experiment 
Station  it  was  found 
that  inoculated  soy 
beans  were  enabled 
to  add  per  acre 
37.57  pounds  of 
nitrogen  provided 
from  the  air.  (See 
p.  11.)  At  the  Ar- 
kansas Agricultural 
Experiment  Station 
soy  beans  used  as 
green  manure  gave 
nearly  as  good  re- 
sults as  cow^peas,  as 
determined  by  sub- 
sequent  crops  of 
wheat,  oats,  cotton,  aiul  corn.  Willi  cotton,  the  soy  bean  vines  pro- 
duced a  larger  yield  of  cotton  than  cowpea  vines,  but  the  cowpea 
stubble  gave  a  larger  yield  tlian  the  soy  l)ean  stubble.  With  corn, 
cowpea  stubble  and  soy  bean  stubble  yielded  the  same  results,  while, 
soy  bean  vines  gave  l>ettcr  results  tlian  the  cowpea  vines.  With  oats, 
the  results  were  slightly  in  favor  of  the  cowpeas.  It  is  not  improbable 
that  the  variation  in  results  may  be  largely  due  to  variation  in  the 
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amounts  of  atmospheric  nitrogen  added  by  the  legumes  to  the  different 
plats.  Those  that  were  most  heavily  tubercled  would  add  the  most 
nitrogen. 

VELVET  BEANS. 

Velvet  beans  (fig.  8)  have  been  tested  in  comparison  with  cowpeas 
at  the  Arkansas  and  Alabama  agricultural  experiment  stations. 
The  velvet  bean  is  somewhat  objectionable  on  account  of  the  very 
vmy  habit  of  the  plant,  which  renders  it  difficult  to  plow  under.  In 
orchards  velvet  beans  have  been  found  objectionable  on  account  of 
their  tendency  to  climb  the  trees.  At  the  Arkansas  Agricultural 
Experiment  Station  velvet  beans  gave  better  results  on  a  subsequent 
crop  of  cotton  than  either  soy  beans  or  cowpeas,  the  velvet  bean  plat 


Fig.  8.— Velvet  ]>ettn,  showing  leuvos.  flowers,  and  young  po<ls. 

yielding  1,550  pounds  of  seed  cotton,  against  1,448  pounds  for  the  soy 
beans  and  1,335  pounds  for  the  cowpeas.  With  wheat,  velvet  bean 
stubble  gave  better  resuUs  than  either  cowpea  stubbk^  or  soy  bean 
stubble,  though  the  difference  was  ver}^  slight.  It  is  noteworthy  also 
that  velvet  bean  stubble  gave  much  better  results  on  the  succeeding 
crop  of  wheat  than  where  the  whole  crop  of  velvet  bean  vines  was 
plowed  imder,  and   the  same  was  true  in  regard  to  both  cowpeas 
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and  soy  beans.     In  all  cases,  however,  there  was  a  marked  increase 
of  crop,  due  to  the  influence  of  the  legumes. 

At  the  Alabama  Agricultural  Experiment  Station  the  following 
yields  of  sorghum  hay  were  obtained :  After  fallow,  3,792  pounds  per 
acre;  after  cowpeas  plowed  under,  7,008  pounds;  after  velvet  beans 
plowed  under,  7,064  pounds.  Here  the  legumes  nearly  doubled  the 
yield  of  the  sorghum  hay,  the  velvet  beans  being  slightly  better  than 
the  cowpeas.  In  a  similar  experiment  where  only  the  stubble  was 
plowed  under,  the  velvet  beans  in  two  cases  showed  a  slight  supe- 
riority over  the  cowpeas.  Where  com 
was  used  to  determine  the  effect  of  the 
legume,  cowpeas  gave  slightly  better 
results  than  similar  plats  with  velvet 
beans,  whether  the  stubble  or  the 
whole  vines  were  plowed  under. 
Where  cotton  was  used  as  a  meas- 
uring crop,  the  results  were  in  favor 
of  the  cowpeas.  The  cowpea  plat 
I)roduced  1,533  pounds,  the  velvet 
bean  plat  1,373  pounds,  and  the  check 
plat  837  pounds,  respectively,  of  seed 
cotton.  Comparison  of  all  the  results 
obtained  showed  that  there  is  prac- 
tically no  difference  as  regards  fertil- 
izing value  between  velvet  beans  and 
cowpeas. 

CRIMSON  CLOVBR. 

Crimson  clover  (fig.  9)  is  much  grown 
as  a  green  manure  and  forage  crop 
along  the  Atlantic  seaboard  from'New 
Jersey  southward  and  to  a  less  extent 
in  the  Gulf  States.  It  has  been  grown 
to  a  slight  extent  in  various  other" 
States,  but  owing  to  the  frequency 
with  whicli  it  winterkills  it  lias  not  been  established  as  an  impor- 
tant crop.  It  is  most  largely  grown  in  the  Middle  Atlantic  States, 
and  its  use  lias  greatly  increased  in  late  years. 

Crimson  clover  gives  the  best  results  when  sown  in  late  summer, 
I)referahly  from  July  15  to  September  1.  It  is  most  commonly 
planted  in  corn  or  following  a  small  grain  crop.  In  the  latter  case  the 
land  should  be  plowed  and  put  in  good  condition  before  seeding. 
Considerable  difficulty  is  often  experienced  in  obtaining  a  stand  of 
crimson  clover.     Indeed,  it  is  a  conmion  saying  that  it  must  be  sown 


I'Ki.  1>.— Crimson  <'l<»vrr. 


278 


23 

between  showei-s  in  order  to  be  assured  of  a  stand.  It  is  important 
always  to  use  fresh  seed,  as  the  germinating  power  deteriorates 
rapidly.  Ordinarily  12  to  15  pounds  per  acre  is  used,  but  good 
results  have  been  obtained  with  smaller  quantities.  In  some  cases 
the  failure  to  obtain  a  stand  has  been  attributed  to  the  lack  of  inocula- 
tion. In  any  event  it  is  always  desirable  to  inoculate  the  seed  or  the 
soil  before  planting  on  land  for  the  first  time.  Even  if  a  stand  is  only 
obtained  two  times  out  of  three  crimson  clover  is  still  a  very 
profitable  crop  to  grow. 

A  number  of  careful  experiments  with  crimson  clover  have 
been  conducted  both  by  the  Delaware  and  Maryland  agricultural 
experiment  stations.  At  the  Maryland  Agricultural  Experiment 
Station  it  was  found  that  potatoes  following  crimson  clover  plowed 
imder  yielded  72^'^  bushels  per  acre,  while  on  an  adjoining  plat 
where  no  crimson  clover  had  been  sown  the  yield  was  52 1  bushels. 
On  the  same  plats  the  following  year  the. yields  were,  respectively, 
102i  bushels  and  67f  bushels — an  increase  of  27  bushels  per  acre,  or 
more  than  45  per  cent,  due  to  the  effect  of  the  crimson  clover.  In 
a  similar  experiment  with  com  a  yield  of  46  bushels  per  acre  was 
obtained  following  crimson  clover,  as  against  39^^^  bushels  where 
no  clover  had  been  sown.  At  the  Delaware  Agricultural  Experiment 
Station  sweet  potatoes  yielded  an  increase  of  about  1 8  bushels  per 
acre,  due  to  the  effect  of  crimson  clover,  a  gain  equal  to  that  pro- 
duced on  adjoining  plats  by  the  addition  of  160  pounds  of  nitrate  of 
soda. 

In  addition  to  its  value  as  a  green  manure,  crimson  clover  is  also 
important  as  a  cover  crop,  tending  to  prevent  the  leaching  and  wash- 
ing of  soils,  especially  on  hilly  land.  As  a  cover  crop  it  is  much  em- 
ployed in  orchards. 

For  the  improvement  of  poor  lands  in  the  Middle  Atlantic  region 
there  is  no  better  plan  than  to  use  crimson  clover  as  a  winter  crop  and 
cowpeas  as  a  summer  crop.  One  farmer  who  adopted  this  plan 
succeeded  in  raising  35  bushels  of  wheat  per  acre  on  land  that  had 
never  before  yielded  more  than  16  bushels. 
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SWEET  CLOVER. 

Sweet  clover  (fig.  10)  is  a  biennial  plant,  somewhat  weedy  in  char- 
acter, which  grows  readily  on  almost  all  soils.  It  produces  an  enor- 
mous root,  and  the  tops  often  grow  to  a  height  of  4  or  5  feet.    Owing  to 

the  bitter  character  of  the  herbage 
it  is  not  much  liked  by  stock,  which 
have  to  learn  to  eat  it.  In  a  few  sec- 
tions of  the  country  it  is  grown  as  a  hay 
crop.  As  a  crop,  sweet  clover  is  most 
largely  grown  in  Alabama  and  Missis- 
sippi, where  it  is  utilized  both  for  hay 
and  for  its  improvement  of  the  soil. 
It  is  considered  at  least  equal  to  red 
clover  for  the  latter  purpose. 

Owing  to  the  ability  of  sweet  clover 
to  grow  in  the  poorest  of  soils,  it  will 
probably  be  found  of  high  value  in  in- 
creasing their  fertihty.  The  seed  should 
be  planted  very  early  in  the  spring, 
using  about  three-fourths  of  a  bushel 
of  the  seed  in  the  pod,  the  common 
form  in  which  it  is  found  on  the  market. 
The  greatest  benefit  will  be  found  in 
plowing  it  under  the  second  season,  be- 
fore it  blooms. 

In  an  experiment  conducted  at  a 
German  agricultural  experiment  station 
sweet  clover  was  sown  in  May  with 
rye,  seeding  at  the  rate  of  21  pounds 
of  hulled  seed  per  acre.  The  follow- 
ing summer  the  sweet  clover  was  plowed 
under  and  followed  with  oats.  The 
yield  was  1 ,099  pounds  per  acre  on  plats 
where  no  sweet  clover  had  been  sown 
and  1 ,645  pounds  per  acre  where  sweet 
kk;.  10.— swiot ciov.r.  clovcr  liad  been  used. 


CANADA  PEAS. 

Canada  peas  (fi^.ll)  are  grown  mainly  in  the  northernmost  States 
and  in  Canada.  As  a  winter  groon-manure  cn^])  in  orchards  they  have 
been  used  considerably  of  late  years  in  California.  Very  few  accurate 
exp(»riinents  have  been  conducted  to  determine  the  effect  of  Canada 
peas  upon  succeeding  crops.  In  one  such  experiment  conducted  at  the 
Ontario  Agricultural  College  wheat  was  grown  on  three  different  plats 
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on  which  peas,  rape,  and  buckwheat,  respectively,  had  been  plowed 
under.  The  yield  of  wheat  following  Canada  peas  was  36^V  bushels; 
following  rape,  30|  bushels;  following  buckwheat,  26 1  bushels.  There 
is  here  a  clear  gain  shown  in  favor  of  the  Canada  peas.  The  impres- 
sion prevails  among  farmers  in  the  Canada  pea  belt  of  Michigan  that 
oats  following  Canada  peas  yield  an  increase  of  from  5  to  10  bushels 
per  acre,  but  there  are  no  accurate  experiments  to  substantiate  this. 
At  the  Maine  Agricultural  Experiment  Station  oats  were  sown  on 
some  plats  following 
Canada  peas  and  on 
others  following  barley. 
On  three  out  of  fom* 
plats  the  yield  of  oats 
was  lai^er  following 
barley   than    following 

the  peas,  and  the  total  ^  s  ^|^f^  rf^ Wife^^^     ^■ll''^  ^ 

of    all    the    plats    was  ^ 

much  in  favor  of  those 

that  had  been  in  barley 

the  previous  year.     No 

mention  is  made  as  to 

whether  the  peas  were 

tubercled  or  not. 

In  a  series  of  rotation 
tests  at  the  South  Da- 
kota Agricultural  Ex- 
periment Station,  ex- 
tending over  seven 
years,  the  effect  of 
Canada  peas  on  the 
wheat  was  to  increase 
slightly  the  yield  of 
straw  without  at  all 
increasing  the  quantity 
of  grain.  Practically 
identical  .  results  were 
obtained  on  fom*  differ- 
ent plats  where  peas 
preceded  wheat.  The  largest  increase  of  straw  was  obtained  where 
the  peas  had  been  pastured  off  by  hogs.  No  benefit  was  observed 
on  one  plat  where  the  whole  pea  crop  was  plowed  under.  No  notes 
are  published  as  to  whether  the  peas  were  tubercled  or  not. 

At  the  present  time  Canada  peas  are  perhaps  more  used  than  any 
other  l^ume-in  the  citrus  orchards  in  California.  The  effect  is  very 
satisfactory  so  far  as  improving  the  tilth  of  the  soil  and  its  abihty  to 
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retain  water  are  concerned.  There  are  no  accurate  data  available, 
however,  as  to  the  eflect  on  the  crop  of  fruit,  but  it  is  generally 
believed  to  be  very  favorable. 

VETCHES. 

Two  vetcTies  in  particular  are  cultivated  in  the  United  Spates,  the 
common  vetch,  or  tares,  and  the  hairy,  or  Russian,  vetch.  The  former 
is  much  used  as  a  winter  crop  for  hay  on  the  Pacific  coast  and  in  the 

Southern  States,  being  com- 
monly sown  with  oats,  rye, 
or  wheat.  It  is  also  exten- 
sively grown  in  the  citrus 
orchards  of  California  as  a 
winter  green-maniu'e  crop. 
In  the  Northern  States  it 
is  very  likeiy  to  winterkill. 
Hairy  vetch  (fig.  12)  is  in 
a  general  way  like  common 
vetch,  but  decidedly  more 
resistant  to  cold.  It  will 
ordinarily  survive  the  win- 
ter in  most  parts  of  the 
United  States  and  in  Can- 
ada. In  fact  it  is  more 
resistant  to  cold  than  any 
other  annual  legume  grown. 
On  this  account  it  is  particu- 
larly valuable  in  the  North. 
In  the  Connecticut  Valley  it 
has  received  much  favor  as 
a  winter  green-manure  and 
cover  crop  on  tobacco  lands. 
Where  the  winter  tempera- 
ture is  not  cool  enough  to  prevent  growing,  as  in  California,  it  has 
been  found  that  hairy  vetch  grows  much  more  slowly  in  cool  weather 
than  the  common  vetch,  and  the  latter  is  therefore  preferred.  Hairy 
vetch,  however,  grows  very  rapidly  as  the  weather  becomes  warm. 

Vetches  are  somewhat  objectionable  where  small  grains  are  used  in 
rotation,  as  they  become  somewhat  weedy  in  grain  fields.  Except  for 
this,  vetches  are  a  very  valuable  crop  and  deserve  much  more  exten- 
sive cultivation. 


Fig.  12.— Hairy  vetch. 
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TANGIER  PEAS. 

The  Tangier  pea  (fig.  13)  is  a  native  of  northern  Africa  and  has  been 
tested  quite  extensively  in  California  during  the  past  few  years.  The 
plant  in  a  general  way  resembles  the  garden  sweet  pea.  In  comparison 
with  other  legumes  in  California,  the  Tangier  pea  has  given  the  largest 
yields  per  acre.  This  pea  is  also  characterized  by  its  abUity  to  form  a 
very  dense  covering  on  the  ground,  so  as  to  choke  out  weeds  almost 


Fig.  14.— Roots  of  Tangier  pea,  showing 
Fig.  13.— Tangier  pea.  characteristic  nodules. 

perfectly.  Indeed,  no  other  legume  tested  on  weedy  land  in  California 
at  all  equals  the  Tangier  pea  in  this  respect.  No  experiments  have 
yet  been  conducted  to  determine  the  effect  of  the  Tangier  pea  when 
used  as  a  green-manure  crop,  but  from  the  numerous  large  tubercles 
found  on  the  rootsy  as  shown  in  figure  14,  there  is  little  doubt  that  it 
will  prove  exceedingly  valuable  in  this  respect.  The  hay  is  eaten  read- 
ily by  horses,  and  it  is  believed  that  the  crop  will  become  important. 

278 


FABMEBS'  BXrLLETTNS. 


The  following  is  a  list  of  the  Farmers*  Bulletins  available  for  distribution,  showing 
the  number,  title,  and  size  in  pages  of  each.  Copies  will  be  sent  free  to  any  address 
in  the  United  States  on  application  to  a  Senator,  Representative,  or  Delegate  in  Con- 
gress, or  to  the  Secretary  of  Agriculture,  Washington,  D.  C.  Numbers  omitted  have 
l>een  discontinued,  being  superseded  by  later  bufleting. 


2*2.  The  Feeding  of  Farm  Animals.    Pp.  40. 

24.  Hog  Cholera  and  Swine  Plague.    Pp.  16. 

25.  Peanuts:  Culture  and  Uses.    Pp.  24. 

27.  Flax  for  Seed  and  Fiber.    Pp.  16. 

28.  Weeds  and  How  to  Kill  Them.    Pp.  ?0. 

29.  Souring  and  Other  Changes  in  Milk.    Pp.  22. 

30.  Grape  l)i8ea>«es  on  the  Pacific  Coast.    Pp.  15. 

32.  Silos  and  Silage.    Pp.  30. 

33.  Peach  Growing  for  Market.    Pp.  24. 

34.  Meats:  Composition  and  Cooking.    Pp.  31. 

35.  Potato  Culture.    Pp.24. 

36.  Cotton  Seed  and  Its  Products.    Pp.  16. 
39.  Onion  Culture.    Pp.  30. 

41.  Fowls:  Care  and  Feeding.    l»p.  24. 

42.  Facts  Aboivt  Milk.    Pp.32. 

44.  f^ommercial  Fertilizers.    Pp.  8«. 

46.  Irrigation  in  Humid  Climates.    Pp.  27. 

47.  Insects  Affecting  the  Cotton  I»lant.    Pp.  32. 

45.  The  Manuring  of  Cotton.    Pp.  16. 
49.  Sheep  Feeding.    Pp.  24. 

51.  Standard  Varieties  of  Chickens.    Pp.  48. 

52.  The  Sugar  Beet.    Pp.  48. 

54.  Some  Common  Birds.    Pp.  4H. 

55.  The  Dairy  Herd.    Pp.  30. 

56.  Kxperiment  Station  Work— I.    I»p.  30. 

58.  The  Soy  Bean  as  a  Forage  Crop.    Pp.  24. 

59.  Bee  Keeping.    Pp.48. 

60.  Methods  of  Curing  Tobacco.     I*p.  24. 

61.  Asparagus  Culture.    Pp.  4o. 

62.  Marketing  Farm  Produce.    Pp.31. 

63.  Care  of  Milk  on  the  Farm.    Pp.  40. 

64.  Ducks  and  Geese.    Pp.  55. 

65.  Experiment  Station  Work— II.    Pp.  32. 

66.  Meadows  and  Pastures.    Pp.  30. 

68.  The  Black  Rot  of  the  Cabbage.    Pp.  22. 

69.  Experiment  Station  Work— III.    Pp.  32. 

70.  Insect  Enemies  of  the  Grape.    Pp.  23. 

71.  Essentials  in  Beef  Production.    I*p.  24. 

72.  Cattle  Ranges  of  the  Southwest.    I*p.  32. 

73.  Experiment  Station  Work— IV.    Pp.  32. 

74.  Milk  as  Food.    Pp.39. 

77.  The  Liming  of  Soils.    Pp.  24. 

78.  Experiment  Station  Work— V.    Pp.  32. 

79.  Experiment  Station  Work— VI.    Pp.  27. 

80.  The  Peach  Twig-borer.    Pp.  16. 

81.  Com  Culture  in  the  South.  *Pp  24. 

82.  The  Culture  of  Tobacco.    Pp.  22. 

83.  Tobacco  Soils.    Pp.  23. 

84.  Experiment  Station  Work— VII.    Pp.  32. 

85.  Fish  as  Food.    Pp.  32. 

86.  Thirty  Poisonous  Plants.    Pp.  32. 

87.  Experiment  Station  Work— VI II.    Pp.  32. 

88.  Alkali  Lands.    Pp.  23. 

91.  Potato  Diseases  and  Treatment.    Pp.  15. 

92.  Experiment  Station  Work— IX.    Pp.30. 

93.  Sugar  as  Food.    Pp.  31. 

95.  Good  Roads  for  Farmers.    Pp.  46. 

96.  Raising  Sheep  for  Mutttm.    Pp.  48. 

97.  Experiment  Station  Work— X.    Pp.  32. 

98.  Suggestions  to  Southern  Farmers.    Pp.  48. 

99.  Insect  Enemies  of  Shade  Trees.    Pp.  30. 

100.  Hog  Raising  in  the  South.    Pp.  40. 

101.  Millets.    Pp.30. 

102.  Southern  Forage  Plants.    Pp.  48. 

103.  Experiment  Station  Work— XI.    Pp.  :w. 

104.  Notes  on  Fn»st.    Pp.  24. 

ia5.  Experiment  Station  Work— XII.    Pp.32. 

106.  Breeds  of  Dairy  Cattle.    Pp.  4x. 

107.  Experiment  Station  Work— XIII.    Pp  32. 

108.  Saltbushes.    Pp.  20. 

109.  Farmers'  Reading  Courses.    Pp.  20. 

110.  Rice  Cultuje  in  the  United  States     Pp.  2m. 

111.  Farmer's  Interest  In  Good  Seed.    Pp.  24. 

112.  Bread  and  Bread  Making.    Pp.  40 

lis.  The  Apple  and  How  to  Grow  It.    Pp.  32. 
114.  Experiment  StaUon  Work— XI V.    Pp.  28. 


115. 
116. 
118. 
119. 
120. 
121. 

122. 
124. 
1*25. 


127. 
1*48. 
129. 
131. 

132. 
133. 
134. 

135. 
136. 
137. 
138. 
139. 

140. 
141. 
142. 

143. 

144. 
145. 
146. 
147. 
14K. 
149. 
150. 
151. 
152. 
153. 


156. 
157. 

158. 

159. 
161. 

162. 
164. 
lt')5. 
166. 
167. 
168. 
169. 
170. 
172. 

173. 
171. 
175. 

176. 
177. 
178. 

179. 
I   181. 


Hop  Culture  in  California. 
Irrigation  in  Fruit  Growing. 


Pp.  28, 
.      Pp.  48. 
Grape  Growing  in  the  South.    Pp.  32. 
Experiment  Station  Work— XV.    Pp.  30. 
Insects  Affecting  Tobacco.    Pp.  32. 
Beans,  Peas,  and  other  Legumes  as  Food. 

Pp.  38. 
Experiment  Station  Work— XVI.    Pp.  32. 
Experiment  Station  Work— XVI 1.    Pp.  32. 
Proie(!tion  of  Food  Products  from  Injurious 

Temperatures.    Pp.  24. 
Practical  Suggestions  for  Farm  Buildings. 

Pp.  48. 
Important  Insecticides.    Pp.  46. 
Eggs  and  Their  Uses  as  Food.     Pp.  40. 
Sweet  Potatoes.    Pp.  40. 
Household  Tests  for  Detection  of  Oleomar- 
garine and  Renovated  Butter.    l*p.  10. 
Insect  Enemies  of  Growing  Wheat.    Pp.  38. 
Experiment  Station  Work— XVIII.    Pp.  32. 
Tree  Planting  in  Rural  School  Grounds.    Pp. 

32. 
Sorghum  Sirup  Manufacture.    Pp.  40. 
Earth  Roads.    Pp.  24. 
The  Angora  Goat.    Pp.  48. 
IrrigatWm  in  Field  and  (iardeii.     Pp.  40. 
Emmer:  A  Grain  for  the  Semiarid  Regions. 

Pp.  16. 
Pineapple  Growing.    Pp.  48. 
Poultry  Raising  on  the  Farm.     Pp.  16. 
Principles  of  Nutrition  and  Nutritive  Value 

of  Food.    Pp.  48. 
Conformation   of    Beef   and    Dairv  Cattle. 

Pp.  44. 
Experiment  Station  Work— XIX.    Pp.  32. 
CarlX)n  Bisulphid  as  an  Insecticide.    Pp.  28. 
Insecticides  and  Fungicides.    Pp.  10. 
Winter  Forage  Crops  for  the  South.    Pp.  40. 
Celery  Culture.    Pp.  32. 
Experiment  Station  Work— XX.    Pp.  32. 
Clearing  New  Land.    Pp.  24. 
Dairying  in  the  South.    Pp.  48. 
Scabies  in  Cattle.    Pp.  32. 
Orchard  Enemies  in  the  Pacific  Northwest. 

Pp.  39. 
The  Home  Fruit  Garden:   Preparation  and 

Care.    Pp.  16. 
How  Insects  Affect  Health  in  Rural  Di.stricts. 

Pp.  19. 
The  Home  Vineyard.    Pp.  22. 
The  Propagation  of  Plants.     Pp.  21. 
How  to  Build  Small  Irrigation  Ditches.     Pp. 

28. 
Scab  in  Sheep.    Pp.  48. 
Practical    Suggestions   for    Fruit    (J rowers. 

Pp.  30. 
Experiment  Station  Work— XXI.    Pp.  32. 
Rape  as  a  Forage  Crop.    Pp.  16 
Silkworm  Culture.    Pp.  32. 
Cheese  Making  on  the  Farm.     Pp.  If.. 
Cassava.    I*p.  32. 
Peari  Millet.    Pp.  16. 

Experiment  Station  Work— XXII.    Pp.  32. 
Principles  of  Horse  Feeding.    Pp.  44. 
Scale   Insects   an<l    Mites  on  Citrus  Trees. 

Pp.  43. 
Primer  of  Forestry.    Pp.  48. 
Broom  Corn.    Pp.  30. 
Home  Manufacture  and  Tseot  rnfermeiited 

(Jrape  Juice.    Pp.  16. 
Cranberry  Culture.    Pp.  20. 
Squab  Raising.     Pp.  32. 
Insects  Injurious  in  Cranberry  Culture.     Pp. 

32. 
Horseshoeing.     Pp.  30. 
Pruning.    Pp.  39. 


(l) 


II 


182. 


184. 
185. 
186. 
187. 
188. 
190. 
192. 
193. 
194. 
195. 
196. 
197. 

198. 
199. 
200. 
201. 
202. 
203. 
204. 
205. 
206. 
208. 

209. 

210. 
211. 

213. 
215. 
216. 
217. 

21M. 
219. 

220. 
221. 
222. 

22:j. 

221. 
225. 
226. 

227. 

228. 

229. 
231. 

232. 
233. 
234. 
2a'). 
236. 
237. 
238. 

239. 
210. 
211. 
242. 
243, 


Poultry  as  Food.    Pp.  40. 

Meat  on  the  Farm:  Butchering,  Curing,  and 

Keeping.     Pp.  37. 
Marketing  Live  Stock.    Pp.  40. 
Beautifying  the  Home  Grounds.    Pp.  24. 
Experiment  Station  Work— XXIIl.    Pp.  32. 
Drainage  of  Farm  I^ands.    Pp.  38. 
Weeds  Used  in  Medicine.    Pp.  46. 
Experiment  Station  Work— XXIV.    Pp.  32. 
Barnyard  Manure.    Pp.  32. 
Experiment  Station  Work— XXV.    Pp.  32. 
Alfalfa  Seed.    Pp.  14. 
Annual  Flowering  Plants.    Pp.  48. 
Usefulne.s.s  of  the  American  Toad.    Pp.  16. 
Importation  of   Game  Birds  and   Eggs  for 

Propagation.    I*p.  30. 
Strawberries.    Pp.  24. 
Corn  Growing.    Pp.  32. 
Turkeys.    Pp.  40. 

Cream  Separator  on  Westeni  Farms.    Pp.  23. 
Experiment  Station  Work— XXVI.    Pp.  32. 
Canned  Fruits,  Preserves,  and  Jellies.    Pp.  32. 
The  Cultivation  of  Mushrooms.    Pp.  24. 
Pig  Management.    Pp.  40. 
Milk  Fever  and  Its  Treatment.     Pp.  16. 
Varieties  of  Fruits  Recommended  for  Plant- 
ing.   Pp.  48. 
Controlling  the  Boll  Weevil  in  Cotton  Seed 

and  at  Ginneries.    Pp.  32. 
Experiment  SUition  Work— XXVII.     Pp.  32. 
The  U.se  of  Paris  Green  in  Controlling  the 

Cotton  Boll  Weevil.    Pp.  23. 
Raspberries.     Pp.  38. 
Alfalfa  Growing.    Pp.40. 
The  Control  of  the  Boll  Weevil.    Pp.  32. 
E.H.sential  Steps  in  Securing  un  Earlv  Crop  of 

Cotton.     Pp.  16. 
The  School  (iarden.    Pp.  40. 
Lessons  from  the  Grain  Rust  Epidemic  of 

1904.     Pp.  24. 
Tomatoes.     Pp.  32. 

Fungous  Disea.«^es  of  the  Cranberry.  Pp.  16. 
Experiment  Station  Work— XX  Vlll.  Pp.32. 
Miscellaneous  Cott(m  Insects  in  Texas.     Pp. 

24. 
Canadian  Field  Peas.     Pp.  16. 
Experiment  Station  Work- XXIX.     Pp.  32. 
Relation  of  Coyotes  to  Stock  Raising  in  the 

West.     Pp.  24. 
Experiment  Station  Work— XXX.    Pp.  32. 
Forest    Planting   and    Farm    Management. 

Pp.  22. 
The  Pnxluction  of  (Jood  Seed  Corn.     Pp.  24. 
Spraying  for  Cucumber  and  Melon  Disea.ses. 

Pp.  24. 
Okra:  Its  Culture  and  Uses.     Pp.  16. 
Experiment  Station  Work— XXXI.     Pp.  32. 
The  Guinea  Fowl.     Pp.  24. 
Preparation  of  Cement  ('<mcrete.     Pp.  32, 
Incubati(m  and  Incubators,     Pp.  32. 
Experiment  Station  Work- XXXII,     Pp.  32. 
Citrus   Fruit  Growing    in    the  Gulf  States. 

Pp.  48, 
The  Corrosion  of  Fence  Wire,     Pp,  32, 
Inoculation  of  Legumes.     Pp,  8. 
Butter  Making  on  the  Farm.     Pp.  32, 
An  Example  of  Model  Farming.     Pp.  16. 
Fungicides  and  their  Use  in  Preventing  Dis- 
eases of  Fruits.    Pp.  32. 


244. 
245, 
246. 
247. 

248. 
249. 
250. 

251. 
252. 
253. 
254. 
255. 
256. 

257. 
258. 

259. 
266. 

261. 
262. 
263. 


265. 

2m. 

267. 
268. 
269. 
270. 
271. 
272. 
.273. 

274. 

275. 

276. 
277. 

27H. 
279. 

280. 
281. 
282. 
283. 

284. 

285. 

286, 


Experiment  Station  Work—XXXIII.    Pp.  32, 
Renovation  of  Worn-out  Soils.    Pp,  16. 
Saccharine  Sorghums  for  Forage.    Pn.  37. 
The  Control  of  the  Codling  Moth  ana  Apple 

Scab,    Pp.  21. 
The  Lawn.    Pp.  20. 
Cereal  Breakfast  Foods.    Pp.  36. 
The  Prevention  of  Wheat  Smut  and  Loose 

Smut  of  Oats.    Pp.  16. 
Experiment  Station  Work— XXXIV.    I'p.  32, 
Maple  Sugar  and  Sirup.    Pp.  36. 
The  Germination  of  Seed  Corn.    Pp.  16. 
Cucumbers.    Pp.  30. 
The  Home  Vegetable  Garden.  .Pp.  47. 
Preparation   of   Vegetables   for  the  Table, 

Pp.48, 
Soil  Fertility.    Pp.  39. 
Texas  or  Tick    Fever  and  Its  Prevention, 

Pp.  45. 
Experiment  Station  Work— XXXV.    Pp.  32, 
Seed  of  Red  Clover  and  Its  Impurities,    Pp, 

24, 
The  Cattle  Tick.    Pp,  22. 
Experiment  Station  Work— XXXVI.    Pp,  32, 
Practical  Information  for  Beginners  in  Irri- 
gation.   Pp.  40, 
The  Brown-tail  Moth  and  How  to  Control  It, 

Pp.22. 
Game  Laws  for  1906.    Pp.  64. 
Management  of  Soils  to  Conserve  Moisture. 

Pp.30. 
Experiment  Station  Work— XXXVII.     I»r). 

32. 
Industrial  Alcohol:   Sources  and  Manufac- 
ture.   Pp.  45. 
Industrial  Alcohol:  Uses  and  Statitlscs,     I'p. 

29. 
Modern  Conveniences  for  the  Farm  Home, 

Pp,  48. 
Forage  Crop  Practices  in  Western  Oregon 

ana  Western  Washington,    Pp.  39. 
A  Successful  Hog  and  Seed-Corn  Farm,     Pi>. 

16. 
Experiment  Station  Work— XXXVIII,     Pp, 

32. 
Flax  Culture,     Pp.  36. 
The  Gypsy  Moth  and  How  to  Control   It, 

Pp,  22. 
Experiment  Station  Work— XXXIX.     I*t).  32. 
The  Use  of  Alcohol  and  Gasoline  in  Farm 

Engines.    Pp.  40, 
Leguminous  Crops  for  Green  Manuring. 
A  Method  of  Eradicating  Johnson  Grass,    (In 

press, ) 
A  Profitable  Tenant  Dairy  Farm.     (In  pre.Ks. ) 
Experiment  Station  Work— XL.     (In  press.) 
Celery,     (In  press.) 
Spraying  for  Apple  Diseases  and  the  Codling 

Moth  in  the  Ozarks.    (In  press.) 
Insect  and  Fungous  Enemies  of  the  Grape 

East  of  the  Rocky  Mountains,    (In  press.) 
The  Advantage  of  Planting  Heavy  Cotton 

Seed.    (In  press.) 
Comparative  Value   of  Whole  Cotton  Seed 

and  Cotton  Seed  Meal  in  Fertilizing  Cot- 
ton.    (In  pre.ss.) 
Poultry  Management,     (In  press.) 
Nonsaccharine  Sorghums.    (In  press.) 
Beans.    (In  press.) 


Issued  April  5, 1907. 

U.  S.  DEPARTMENT  OF  AGRICULTURE, 


FARMERS'  BULLETIN    No.  279. 


A  METHOD  OF  ERADICATING 
JOHNSON  GRASS. 


J.  S.  CAXKS, 

Scientific  Assistant, 


W.  J.  Sl^ILLNlAN, 

Agricatturist  in  Charge  of  Farm  Management  In*vestigations, 
Bureau  of  Plant  Industry. 


WASHINGTON: 

GOVERNMENT     PRINTING    OFFICE. 
1907. 


LETFER  OF  TRANSMITTAL. 


United  States  Department  of  Agriculture, 

Bureau  of  Pijint  Industry, 

Office  of  the  Chief, 
Washington^  D.  (7.,  JanxLary  30^  1907. 
Sir:  I  have  the  honor  to  transmit  herewith  a*  paper  describing 
method  of  exterminating  Johnson  grass,  and  respectfully  recommem 
that  it  be  published  as  a  Farmers'  Bulletin.     This  paper  was  prepare- 
jointly  by  Mr.  J.  S.  Gates  and  Mr.  W.  J.  Spillman,  of  this  Bureau 
who  have  conducted  investigations  on  this  subject  for  several  year 
past.     The  facts  stated  make  it  clear  that  the  roots tock  habits  of  thi 
grass  are  such  as  to  render  it  comparatively  easy  to  destroy  the  pes 
when  proper  advantage  is  taken  of  them. 

Acknowledgments  are  due  to  Mr.  J.  J.  Harrison,  of  Columbus,  Tex. 
for  valuable  assistance  in  the  conduct  of  the  experiments  treated  o 
in  this  paper.  The  experiments  were  conducted  on  his  farm,  an< 
his  interest  in  the  work  enabled  the  Department  to  secure  importan 
results  lit  comparatively  slight  expense. 

Respectful]}^,  B.  T.  Galloway, 

Chief  of  Bureau. 
Hon.  James  Wilsox, 

Secretary  of  Agrlcultnre. 

279 

(^0 


B.  P.  I.— 260. 

A  METHOD  OF  ERADICATING  JOHNSON  GRASS, 


nrTBODUCTION. 

In  Bulletin  No.  72,  Part  III,  of  the  Bureau  of  Plant  Industry,^  the 
results  of  experiments  in  the  extermination  of  Johnson  grass  on  the 
farm  of  Mr.  J.  B.  Gay,  Columbus,  Tex.,  planned  by  one  of  the  writers 
and  conducted  by  Mr.  Gay,  were  outlined.  Those  investigations  were 
begun  in  the  autumn  of  1902.  In  order  to  secure  the  most  difficult 
conditions  and  thus  to  render  any  results  obtained  of  the  greatest 
value,  a  plat  of  land  for  the  experimental  work  was  chosen  in  an  aban- 
doned area  near  the  center  of  a  large  field  badly  infested  with  this  pest. 
It  was  supposed  that  if  Johnson  grass  could  be  eradicated  on  this  land, 
from  which  hay  had  been  cut  for  two  or  three  years,  it  could  be  more 
easil}'  eradicated  on  land  in  which  the  grass  was  not  so  thickly  set. 
As  stated  in  the. bulletin  referred  to,  several  of  the  methods  tried  were 
entirely  successful,' and  cotton  has  since  been  grown  on  this  land  prac- 
tically free  from  Johnson  grass. 

The  method  which  gave  best  results  was  to  plow  the  land  in  the  fall, 
and  then,  by  means  of  some  such  implement  as  a  grass  hoe,  to  remove 
the  rootstocks  from  the  soil.  The  land  was  treated  twice  with  this 
implement,  and  it  was  estimated  that  the  rootstocks  removed  from  each 
acre  weighed  about  a  ton.  On  most  of  the  land  no  further  special  treat- 
ment was  given.  Part  of  it  was  summer-fallowed  the  next  summer, 
and  on  this  part  every  sprig  of  Johnson  grass  was  killed.  On  the 
remainder  of  the  land  a  few  sprigs  of  the  grass  grew  the  next  year, 
but  they  were  so  few  that  even  three  years  later  the  grass  was  not 
troublesome. 

When  those  experiments  were  conducted  it  was  impossible  to  find 
the  time  necessary  to  make  a  careful  study  of  the  rootstock  habits  of 
Johnson  grass  in  all  kinds  of  soil  and  under  all  conditions.  It  was 
felt,  however,  that  this  was  a  matter  of  great  importance,  and  it  was 
believed  that  such  a  study  might  result  in  knowledge  which  would 
greatly  simplify  the  methods  recjuired  for  exterminating  Johnson 
grass.    These  expectations  have  been  fully  realized. 

In  July,  1905,  Mr.  J.  8.  Gates  was  employed  to  devote  his  whole 
time  to  these  studies  until  the  problem  could  be  solved.  The  experi- 
ments the  results  of  which  are  detailed  in  this  bulletin  are  those  con- 
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ducted  by  Mr.  Cates  since  that  time.  As  a  result  of  a  careful  study 
of  the  rootstock  habits  of  this  grass  and  experiments  based  upon  the 
knowledge  thus  acquired,  it  has  been  fully  demonstrated  that  the  use 
of  a  root  puller  may  be  dispensed  with,  and  it  is  now  nearly  certain 
that  the  earlier  experiments  would  have  produced  practically  the  same 
results  if  the  pulling  of  the  roots  had  been  omitted. 

BOOTSTOCK  HABITS  OF  JOHNSON  GBASS. 

The  following  points  concerning  what  may  be  called  the  agronomic 
life  histor}^  of  Johnson  grass,  or  variations  in  its  habits  under  differ- 
ent field  conditions,  have  been  determined.  It  is  believed  now  that  a 
knowledge  of  all  of  them  is  essential  in  intelligently  combating  the 
plant  when  it  is  a  pest.  As  those  acquainted  with  this  grass  are  fully 
aware,  the  underground  stems,^  or  rootstocks,  are  the  source  of  most 
of  the  trouble.  The  study  in  which  we  are  therefore  most  interested 
is  that  of  these  rootstocks.  They  may  be  classified  as  primary, 
secondary,  and  tertiary. 

In  this  classification  primary  rootstocks  embrace  all  the  rootstocks 
alive  in  the  ground  at  the  beginning  of  the  growing  season  in  spring. 
Secondary  rootstocks  are  those  which  arise  from  the  primaries,  come 
to  the  surface,  and  there  form  crowns,  thus  producing  new  plants. 

A  tertiary  rootstock  is  one  starting  later  in  the  season,  about  flower- 
ing time,  from  the  base  of  the  crown  of  this  new  plant. 

These  tertiary  rootstocks,  when  the  ground  is  soft,  and  especially 
when  a  large  top  is  allowed  to  develop,  grow  to  a  large  diameter  and 
penetrate  to  a  great  depth,  sometimes  as  much  as  4  feet,  and  normally 
from  15  to  30  inches;  at  other  times,  when  the  soil  is  compact,  and 
especially  when  the  plant  above  ground  is  not  allowed  to  develop  by 
g'  rjf^  mowing  or  grazing,  or  Ijoth,  these  tertiarv  rootstocks  grow 
279     11  diameter  and  run  along  just  under  the  surface,  cropping 
^  to  form  new  plants.     Our  observations  indicate  that 
^cks  (i.  e.,  those  that  were  in  the  ground  at  the 
'ng  season  in  spring)  all  decay  in  the  fall,  after 
'-.     Their  strength  has  been  taken  up  in  the 
otstocks   and   above-ground  growth.     In 
'^ks  do  not    live  over  a  second  winter. 
^  and  tertiaries)  do  this.      Secondary 
^  diameter  than  the  primary  root- 
heir  length  is  determined  by  the 
s  are  buried.     Secondary  root- 
varies  from  their  joints.    These 

'^tween  these  underground  stems,  or  root- 
.  I^m  roots  in  that  they  are  jointed,  like  stems, 
a'Uis  at  the  joints. 


branches  of  the  secondaries,  however,  are  usually  directed,  like  the 
parent  stem,  toward  the  surface,  and  they  may  therefore  be  included 
with  the  secondaries.  The  secondaries  are  especially  likely  to  branch 
if  the  top  formed  above  ground  has  been  destroyed.  Under  our  class- 
ification secondary  and  tertiary  rootstocks  become  primary  rootstocks. 
at  the  beginning  of  the  next  season  after  their  fonnation,  and  they,  in 
their  turn,  send  out  secondary  growth  to  reach  the  surface;  the  plant 
formed  at  the  surface  then  sends  out  from  the  base  of  its  crown,  about 
the  time  it  blossoms,  large  deep-burrowing  tertiary  rootstocks  which, 
in  the  soft  land  of  the  cultivated  cotton  and  corn  fields,  cause  much 
mischief  the  following  3' ear.*  The  Umger  the  plants  are  allowed  to 
stand  aftei'  hlossoming^  the  larg errand  deeper  these  tertiary  steins  become. 
The  habits  of  the  plant  with  reference  to  the  formation  of  these 
underground  parts  vary  widely  under  different  field  conditions,  par- 
ticularly with  reference  to  this  tertiar}^  rootstock  growth  .sent  out 
late  in  the  season.  There  ar^  four  very  distinct  types  of  rootstock 
development  found  on  the  ordinary  farm,  the  type  of  the  rootstock 
being  determined  by  the  way  the  land  has  been  cropped.  These  four 
types  of  rootstock  development  may  be  defined  as  follows. 

TYPES  OF  ROOTSTOCK  DEVELOPMENT. 

(1)  On  corn  or  cotton  land  poorl^^  cultivated  during  the  early  growing 
season,  particularly  on  corn  land,  which  is  never  cultivated  so  care- 
fully as  cotton  land,  the  grass  is  not  killed,  but  is  allowed  to  grow  up 
luxuriantly  after  cultivation  has  ceased.  In  this  soft  soil,  after  culti- 
vation has  stopped,  a  large  top  is  soon  produced,  the  plant  flowers  and 
matures  seed,  and  these  tertiary  rootstocks  bore  down  to  a  great  depth 
and  develop  to  a  large  diameter.  Figure  1  shows  a  cross  section  of 
this  kind  of  land,  with  the  tertiary  rootstocks  ranging  deep  into  the 
the  soil,  photographed  in  November,  1906,  at  Columbus,  Tex.  In  this 
illustration,  which  was  obtained  by  carefully  digging  away  the  dirt 
and  leaving  the  rootstocks  exposed,  these  stems  are  20  inches  in  depth, 
and  in  some  cases  they  grow  much  deeper  than  this.  This  is  consid- 
ered the  very  worst  type  of  Johnson  grass  land,  as  these  deep  root- 
stocks  contain  a  large  amount  of  nutriment,  and,  even  though  the 
surface  plants  be  kept  closely  cut  b}'  cultivation,  they  can  continue  to 
send  up  growth,  usually  until  the  latter  part  of  August.  As  the  soil 
wanns  up  with  the  advancing  season  on  cultivated  land  the  rootstocks 
sprout  out  from  greater  and  greater  depths.  The  secondary  root- 
stocks  were  noted  during  the  past  season  sprouting  out  from  a  depth 
of  more  than  20  inches  beneath  the  surface. 

(2)  Figure  2  shows  a  cross  section  of  a  piece  of  land  adjoining  that 
illustrated  in  figure  1.  The  land  in  both  cases  was  cultivated  in  corn 
during  the  season  of  1905,  ttat  part  shown  in  figure  2  having  been  pas- 
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tured  during;  the  season  of  1906,  while  that  shown  in  figure  1  was  culti- 
vated in  cotton.  The  plant  illustrated  in  figure  1  was  not  destroyed  by 
the  cultivation,  and  in  the  latter  part  of  the  season  sent  out  the  growth 
shown.  The  land  shown  in  figure  2  was  pastured  rather  closely.  It 
will  be  noted  that  the  new  growth  (fig.  2)  is  a  small  plant  that  has 
sent  out  tertiary  rootstocks  only  2  inches  or  so  beneath  the  soil. 
There  is  but  little  secondary  growth,  as  only  the  upper  part  of  the  old 

tertiary  rootstock  put  forth 
growth  in  this  compact  soil. 
Ranging  across  the  picture 
and  reaching  to  a  greater 
depth  is  shown  the  old  1905 
rootstock.  This  is  in  a 
state  of  decay  throughout. 
The  tendency  of  the 
Johnson  grass  plant  seems 
to  be  to  form  seed  before 
making  very  much  tertiary 
growth.  If  it  is  kept 
closely  cropped  and  not 
allowed  to  develop  ver}- 
much  above  ground,  there 
will  be  but  little  growth 
beneath  the  surface,  al- 
though some  tertiary  de- 
velopment will  be  made  in 
the  latter  part  of  the  season, 
whether  the  plant  isallowed 
to  form  seed  or  not.  The 
depth  to  which  this  tertiary 
growth  will  penetrate  de- 
pends also  somewhat  on  the 
compactness  of  the  soil.  It 
has  been  noticed  in  land 
cultivated  the  preceding 
year,  left  in  ridges  and 
then  pastured  the  following 
season  that  the  small  root- 
stocks  produced  ha?e  a 
tendency  to  grow  at  rather  uneven  depths,  burrowing  deeper  in  the 
soft  ridges  than  the}^  do  in  the  spaces  })etween  the  rows.  This  occasions 
trouble  in  devising  a  cultural  method  to  destroy  the  plant.  It  would 
therefore  be  advisable  in  turning  out  land  for  pasture  to  first  level  it 
off  b}^  some  means.  On  land  which  is  to  be  mown  the  advantage  of 
having  it  smooth  is  ol)vious. 
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Fni.  1,— Cross  section  showing  deep  development  of  root- 
stock  of  Johnson  grass  found  in  hUe  summer  in  a  poorly 
cultivated  corn  or  cotton  Held. 


9 

(3)  The  third  type  of  rootstock  development  is  shown  in  figure  3. 
This  is  meadow  land  which  was  "  broken  broadcast"  in  March,  1906, 
and  the  cross  section  was  photographed  the  following  June.  It  is  a 
common  practice,  in  order  to  secure  the  best  yield  of  hay,  to  break 
land  in  spring  at  least  every  two  years.  On  this  freshly  broken  land 
the  rootstocks  develop  in  a  rather  thick  mat  to  the  depth  to  which  the 
land  has  been  broken.  In  the  illustration  the  ground  seems  thickly 
set  with  rootstocks  to  a  depth  of  about  8  inches.  These  are,  for  the 
most  part,  secondary   rootstocks.      The  small   rootstocks  near  the 


Fig.  2. — Cross  section  showinsr  small  and  shallow  rootstock  development  ol"  Johnson  grass,  as  com- 
monly found  in  closely  pastured  land. 

surface  the  preceding  year  were  buried  deeply,  and  the  rootstocks 
shown  in  the  picture  are  the  secondary  growth  sent  out  to  reach  the 
surface.  This  land  would  be  very  troublesome  if  an  attempt  were 
made  to  grow  a  cultivated  crop  another  season. 

(4)  In  figure  4  is  shown  a  section  of  the  same  piece  of  land,  which 
was  not  plowed  in  the  spring.  The  photograph  was  taken  at  the  same 
time  as  that  used  for  figure  3.  The  old  rootstock  from  which  the  plant 
seen  in  the  illustration  sprang  is  not  evident.  It  has  been  absorbed  in 
making  the  new  plant  and  has  rotted  away.  This  old  primary  rootstock 
was  so  near  the  surface  that  there  is  little  or  no  secondary  growth.    The 
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little  white  stems  starting  out  from  the  base  of  the  crown  of  the  plant 
are  new  tertiar}^  rootstocks.  On  this  hard  land,  however,  and  espe- 
cially if  it  is  kept  mowed  regularly,  they  are  not  likely  to  penetrate  to 
any  great  depth  or  to  attain  a  very  great  diameter. 

These  are  the  four  most  common  field  conditions  under  which  John- 
son grass  occurs  throughout  the  Southwestern  States.  As  might  read- 
ily be  surmised,  in  conditions  like  those  shown  in  figures  2  and  4  the 

pest  can  be  very  readily  con- 
trolled. Where  the  root- 
stocks  have  attained  such  de- 
velopment, however,  as  is 
shown  in  figures  1  and  3,  it 
is  only  by  the  most  persistent 
and  careful  cultivation  that 
the  grass  c^^n  be  destroyed, 
and  then  at  a  cost  which  makes 
questionable  the  advisability 
of  attempting  it«  destruction. 
That  the  grass  can  be  killed 
fairl}^  easily  when  it  has  at- 
tained the  state  shown  in 
figures  2  and  4  has  not  onl}' 
been  demonstrated  by  the 
experience  of  the  writers, 
but  has  been  substantiated  by 
observations  and  interviews 
with  man}^  careful  farriers 
throughout  the  Johnson  grass 
infested  countr3\  Observa- 
tions to  date  have  failed  to 
show  any  rootstocks  remain- 
ing over  in  a  fairly  sound 
state  for  more  than  one  year 
after  their  formation.  This 
point,  however,  is  not  con- 
sidered as  entirely  settled,  for 
if  a  very  dry  season  follows 
a  season  during  which  a  deep  rootstock  is  produced,  then  it  seems 
possible  that  this  rootstock  ma}'  be  preserved  through  the  second 
winter,  although  none  of  this  kind  have  N^et  been  found. 

METHOD  OF  ERADICATION  BASED  ON  ROOTSTOCX  HABITS. 

In  order  to  kill  easily  an  old  Johnson  grass  meadow  or  pasture  by 
cultivation  in  hoed  crops,  the  land  should  be  broken  very  shallow. 
If  two  shallow  rootstock  sods  are  plowed,  one  deep  and  the  other  shal- 

279 


Fkj.  :3.— Cross  section  showing  the  hirge  j?rovvth  of  sec- 
ondary rootstocks  of  Johnson  grass  when  an  old  sod  is 
plowed  deep  in  the  spring. 
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low,  the  buried  rootstocks  in  both  cases  will  send  out  jointed  secon- 
dary stocks  to  reach  the  surface.  Now,  obviously,  in  the  case  of  the 
rootstocks  buried  deeply,  a  large  part  of  their  substance  is  turned  into 
the  secondary  rootstocks  to  connect  with  the  new  surface  plant,  while 
in  the  case  of  those  buried  shallow  there  is  no  opportunity  for  the 
plant  to  form  a  long  secondary  rootstock,  only  a  small  part  goes  into 
this  secondary  growth,  and  the  main  substance  of  the  rootstock  goes 
directly  into  the  plant  formed  above  ground.  As  the  growth  above 
ground  is  very  easily 
killed,  while  the  sec- 
ondary growth  is  as 
troublesome  as  the 
primar}'^  rootstocks, 
it  is  clear  that  we 
should  break  this 
pasture  or  sod  land 
ver}'  shallow  and  at- 
tempt to  keep  the 
rootstocks  as  near 
the  surface  as  pos- 
sible in  order  that 
the  substance  may 
go  directly  into  the 
above-ground  plant 
instead  of  into  this 
secondary  growth. 
Although  the  break- 
ing be  shallow  the 
work  should  be  care- 
fully done,  and  it  is 
best  to  rebreak  in 
order  to  stimulate 
the  growth  from  the 
primary  rootstocks 
early  in  the  season. 
B}'  this  means  the 
old  rootstocks  are  soon  exhausted.  It"  there  is  a  coiivonioiit  time  in 
late  summer  this  shallow  plowino-  is  very  effective  then. 

Numerous  instances  have  been  reported  of  killing  Johnson  grass  sod 
by  shallow  plowing  during  the  dry  part  of  th(^  summer.  If  the  cli- 
mate is  such  that  there  are  many  alternate  freezes  and  thaws  during 
the  winter,  shallow  winter  breaking  will  be  (effective,  while  if  both 
summer  and  winter  treatments  fail,  or  if  it  ))e  more  convenient,  the 
work  may  be  put  off  until  early  spring  when,  if  it  be  carefully  done,  it 
is  very  effective.     The  main  point  is  to  induce  this  shallow  rootstock 
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Fni.  4.— Cross  section  showinp  small  ttTtiary  jrrowth  and  practically 
no  sc<'<»ndary  growth  of  Johnson  grass  on  an  old  so<l  which  has  not 
been  broken  for  several  >ears. 
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j^^stem,  and  then,  in  breaking,  to  keep  these  rootstocks  near  the  sur- 
-^t,ce  where  they  can  be  reached  by  summer  sun  or  winter  freezing;  or, 
■£  the  work  be  delayed  until  spring,  so  that  the  secondary  rootstock 
^x^owth  will  amount  to  but  little,  then  by  close  cultivation  to  destroy 
:l3-e  young  plant  before  it  starts  the  formation  of  the  tertiary  root- 
^tiocks,  which  start  just  about  the  time  the  plant  begins  to  form  a 
flowering  head. 

EXFEEIMENTAL  RESULTS. 

An  experiment  was  conducted  on  the  farm  of  Mr.  J.  J.  Harrison, 
Coliiwibus,  Tex.,  which  illustmtes  clearly  the  greater  ease  with  which 

Johnsongrass  can  be 
killed  where  it  has 
attained  this  slight 
rootstock  develop- 
ment as  compared 
with  cases  where  the 
rootstockspeneti^ate 
deeply.  A  large 
body  of  land  was 
thoroughly  infested 
with  Johnson  grass. 
A  fence  was  run 
across  one  section 
of  this  land  in  the 
spring  of  1903  and 
the  worst  part  of  the 
field  was  turned  into 
a  meadow.  Hay 
was  mown  on  this 
meadow  for  three 
years,  and  in  the  lat- 
ter part  of  the  sea- 
son  of  1906  the  land 

Fig.  5.— The  junction  line  between  the  two  sections  of  a  field  of  cotton,  WaS  pasturecl.  Un 
piirt  in  corn  and  purt  In  Johnson  gniss  sod  the  previous  year.  The  ^J^^  other  sidc  of 
clean  IrikI  wiis  in  Johnson  grass  sod.  ii       i. 

the  fence  cotton  was 
grown  for  two  years,  and  in  1905  it  was  planted  to  corn.  In  the 
spring  of  IIMM)  the  fcMice  was  removed  and  the  whole  field  was  broken 
in  a  body  again  and  planted  to  cotton.  This  whole  section  was  thickl}'' 
set  in  Johnson  grass.  In  the  part  which  had  been  cultivated  to 
corn  the  rootstocks  had  penetrated  very  deeply,  while  in  the  part 
which  had  boon  pastured  they  were  very  near  the  surface.  The  rows 
wore  run  at  right  angles  to  the  old  fence  line,  and  both  portions 
of  the  field  were  cultivated  the  same  number  of  times.  On  the  land 
which  had  been  previously  in  meadow  the  Johnson  grass  was  com- 
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pletely  killed  out  and  had  disappeared  long  before  the  cultivation 
ceased,  as  is  noted  in  the  record  below.  On  the  land  which  was  in  corn 
in  1905,  little  or  no  headway  was  made  in  destroying  the  grass.  The 
photograph  reproduced  as  figure  5  was 
taken  by  placing  the  camera  over  a  dozeo 
paces  on  the  old  pastured  land  and  look- 
ing toward  the  old  fence  line.  The  ab- 
rupt change  from  cleared  land  to  grass 
is  shown,  with  the  cleared  pai^tured 
land  in  the  foreground.  Johnson  graas 
higher  than  the  cotton  stalks  is  shown 
in  figure  5,  while  in  figure  7  it  will 
be  seen  that  the  ground  is  pi^acticallj 
clean. 

The  work  done  on 
this  field  was  much  more 
than  sufficient  to  kill 
the  grass  entirely  on 
the  land  which  had  been 
used  for  meadow  and 
pasture.  The  grass  was 
practically  destroyed 
after  the  second  plow- 
ing and  chopping;  but, 
as  shown  in  the  illus- 
tration (fig.  5),  after 
all  the  cultivation  the 
grass  on  the  land  pre- 
viously in  corn  was  ver}^  little  affected.  The  following  is  a  record  of 
the  work  done  in  raising  the  crop  on  this  field  for  the  season  of  1906: 

Bedded  and  rebedded  February  4  (common  turning  plow). 

Planted  March  30  (ridge^pened  with  sweep,  and  seed  put  in  with  planter). 

Plowed  April  14  (single  sweeps). 

Chopped  and  plowed  April  28  (single  sweeps),     ((irass  practically  destroye<l 

on  pastured  end  of  field. ) 
Chopped  and  plowe<l  May  26  (single  sweeps). 
Chopped  June  16. 

Chopped  and  plowed  July  28  (riding  plow,  two  14-inch  sweeps). 
Middles  plowe<l  July  28  (24-inch  sweeps). 

HECESSITY  OF  CAREFUL  TILLAGE. 

Careless  hoe  work  should  not  he  allowed  in  fighting  Johnson  grass. 
This  is  one  of  the  chief  reasons  that  the  pest  has  made  such  headway. 
Figure  6  shows  a  sprig  of  Johnson  grass  which  a  careless  chopper  cut 
off  just  at  the  surface  of  the  ground.  One  good  dig  would  have 
removed  this  growth  entirely.     Instead,  however,  the  plant  is  but 
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Fig.  C— sprig  of  Johnson  grass  rootstock  left  by  a  careless  chopper. 
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slightly  damaged.  Branches  are  starting  from  the  base  of  the  root- 
stock  left  in  the  ground,  and  the  whole  plant  will  be  as  gi'een  as  ever 
in  a  few  days. 

Odd  corners  of  the  field  also  should  not  be  allowed  to  reseed  the 
land  for  another  year.  Figure  7  shows  a  field  which  early  in  the 
season  of  1906  was  well  rid  of  Johnson  grass  simply  as  the  result  of 
careful  cultivation  of  the  old  sod  land  planted  to  cotton.  The  photo- 
graph of  the  same  field,  shown  in  figure  8,  was  taken  by  reversing  the 
camera  and  looking  toward  the  fence.  It  will  be  noticed  that  the 
fence  row  is  thickly  set  with  grass.     The  seed  formed  along  the  fence 

row  will  be  scattered  and 
cause  trouble  next  year. 
The  grass  in  such  situa- 
tions should  never  be  al- 
lowed to  head  out. 

CHEMICAL  METHODS  OF 
DESTRUCTION  NOT 
PRACTICAL. 

No  patented  chemical 
or  other  preparation  for 
destroying  Johnson  grass 
which  has  been  examined 
has  been  found  to  be  prac- 
tical or  economical  in  an}^ 
way.  Those  considering 
the  investment  of  their 
money  in  something  of 
this  kind  will  do  well  to 
take  a  second  thought. 
All  chemicals  for  this 
purpose  found  on  sale  in 
Texas  have  been  tested. 


Fig.  7.— Old  meadow  hind  cleared  of  Johnson  grass  early  in 
the  season. 


ROTATION  WITH  WINTER  GRAIN. 

A  simple  rotation  of  winter  grain  and  »John.son  grass  has  advocates 
in  many  sections.  The  sod  is  broken  in  the  late  summer  and  small 
grain  is  sown  in  the  early  fall.  After  the  grain  is  harvested  the 
following  spring,  two  and  sometimes  three  crops  of  Johnson  grass 
hay  can  be  secured  in  favorable  seasons.  In  the  late  summer  the 
land  is  broken  again  for  small  grain.  Mr.  J.  W.  Storey,  Ennis, 
Tex.,  has  20  acres  of  Johnson  grass  land  on  which  he  raises  oats. 
The  oats  are  sown  in  October  and  harvested  from  the  first  to  the 
middle  of  June.  After  this,  three  cuttings  of  Johnson  grass  hay  rfre 
made,  averaging  a  ton  to  a  cutting.  Mr.  Storey  reports  that  his  oat 
crop  never  falls  below  40  bushels  per  acre,  and  sometimes  reaches  75 
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bushels.  He  estimates  that  about  three-fourths  as  much  oats  is  raised 
as  there  would  be  if  there  were  no  Johnson  grass.  This  rotation  is 
also  practiced  in  other  sections  of  Texas  and  in  several  other  places 
where  Johnson  grass  is  established. 

ROTATION  WITH  CULTIVATED  CROPS. 

Where  the  hay  has  a  market  value  and  can  be  harvested  with  safety, 
it  may  prove  profitable  to  use  Johnson  grass  on  infested  land  in 
rotation  with  a  cultivated  crop.  After  the  Johnson  grass  has  been 
cut  for  hay  one  or  two  seasons  or  used  for  pasture,  a  cultivated  crop 
may  be  grown  the  next  year  practically  free  from  Johnson  grass  by 
exercising  a  little  extra  care  in 
preparing  the  ground  and  culti- 
vating the  crop.  Grown  in  this 
way  the  grass  will  have  some 
renovating  effect  on  the  soil,  as 
it  aids  in  keeping  up  the  supply 
of  humus.  One  should,  how- 
ever, thoroughly  convince  him- 
self that  he  is  master  of  meth- 
ods of  controlling  or  eradicating 
the  grass,  and  should  have  con- 
siderable experience  in  clearing 
it  out  before  introducing  it  into 
a  regular  rotation  with  cultivated 
crops.  There  is  usually  consid- 
erable difficulty  in  hay  making  in 
the  Johnson  grass  belt  on  account 
of  the  uncertain  seasons. 

In  sections  where  Johnson  grass 
infests  practically  all  the  land, 
there  is  no  question  that  this 
grass  can  be  utilized  in  rotation 
to  excellent  advantage  somewhat 
after  the  manner  of  timothy  in 
the  North.  The  standard  rota- 
tion adapted  to  nearly  all  parts 
of  the  cotton  belt,  especially  on  general  live  stock  and  cotton  farms, 
is  cotton,  followed  by  corn  and  cowpeas,  this  bv  winter  grain,  after 
which  a  crop  of  cowpeas  for  ha}'  is  grown,  thus  giving  a  three-year 
rotation  producing  four  harvested  crops.  Johnson  grass  can  be 
inserted  in  this  rotation  after  the  cowpca  crop.  It  can  be  used  for 
hay  for  one  year;  then  pastured  a  year;  or  it  may  be  cut  for  hay  for 
two  years,  after  which  the  land  can  be  again  prepared  for  cotton  and 
run  through  the  regular  rotation.  We  must  repi^at,  how^ever,  that 
before  undeitaking  to  use  Johnson  grass  in  this  manner  the  farmer 
must  be  sure  that  he  understands  how  to  control  it,  and  we  would  not 
advise  the  sowing  of  Johnson  grass  seed  on  land  not  already  infested. 
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CUTTING  BACK  SOMETIMES  NECESSART  FOB  EKADICATION. 

The  method  of  emdicating  Johnson  grass  outlined  in  this  bulletin 
is  based  on  the  fact  that  when  the  soil  is  not  disturbed  and  when  the 
top  is  not  allowed  to  raake  much  growth,  and  especially  when  it  is  not 
allowed  to  stand  long  after  blossoming,  the  tertiary  growth  of  root- 
stocks  is  small^and  confined  to  the  upper  few  inches  of  the  soil.  This 
fact  enables  the  farmer  to  clean  out  the  grass  the  next  year  with  a 
little  extra  care  in  plowing  and  cultivating.  There  are  some  situations, 
however,  to  which  this  method  is  not  applicable.  This  is  especially 
true  of  fence  rows,  railroad  rights  of  way,  ditch  banks,  vineyards,  and 
other  places  where  it  is  impracticable  to  handle  the  grass  in  a  proper 
manner.  In  such  cases  one  must  resort  either  to  chemical  methods, 
which  are  very  expensive,  or  to  persistent  cutting  back,  which  gives 
the  grass  no  opportunity  to  produce  tertiary  growth.  In  vineyards 
and  similar  situations  the  grnss  should  invariably  be  cut  back  by  the 
time  it  heads  or  earlier,  if  possible,  and  the  closer  it  is  cut  back  the 
better.  During  midsummer,  or  a  little  later,  all  of  the  top  growth 
should  be  removed  with  a  hoe,  care  being  used  to  cut  deep  enough 
with  the  hoe  to  remove  the  crown  of  every  plant,  and  especially  to 
get  out  any  tertiary  rootstocks  that  are  beginning  to  develop.  It  is 
probable,  though  it  is  not  demonstrated,  that  if  the  tertiary  growth 
is  entirely  prevented  for  two  seasons  the  pest  will  be  well  in  hand.  - 
This,  of  course,  means  a  great  deal  of  hand  work;  but  where  ordinary 
cultural  methods  can  not  be  applied  the  hand  work  seems  necessary. 

SUMMART  AND  CONCLUSIONS. 

A  logical  method  of  controlling  Johnson  grass  in  the  light  of  these 
investigations  seems  to  be,  in  brief,  to  turn  the  land  into  meadow  or 
pasture  and  keep  the  grass  closely  cropped,  either  by  grazing  animals 
upon  it  or  by  mowing  it  for  one  or  more  seasons. 

Since  the  development  of  the  tertiary  growth  becomes  quite  vigor- 
ous about  the  time  the  plant  begins  to  blossom,  it  is  a  matter  of  the 
utmost  importance  not  to  allow  the  grass  to  stand  after  blossoming 
time.  After  the  sod  has  remained  undisturbed  for  a  whole  year,  it 
should  be  plowed  shallow,  and  the  subsequent  cultivation  should  be 
intelligently  and  efhciently  done.  If  a  cultivated  field  is  overrun  in 
large  spots  with  the  grass,  it  would  be  advisable  to  sow  the  whole  field 
and  level  down  the  ridges.  If  the  land  is  already  in  sod,  cut  the  hay 
before  blossoming  every  time  a  growth  is  thrown  up,  or,  better, 
pasture  it;  then  flat-break — that  is,  plow  it  with  an  ordinary  turning 
plow — just  deep  enough  to  turn  up  all  the  rootstocks,  which  will  usu- 
ally be  3  to  4  inches  deep.  Plant  a  cultivated  crop  and  give  this  crop 
a  little  extra  cultivation.  Any  stmy  shoots  of  grass  that  may  be  seen 
mav  be  removed  by  hand  about  the  time  the  grass  heads  out.  This 
can  ))e  easily  done,  since  the  roots  will  be  shallow. 
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A  PROFITABLE  TENANT  DAIRY  FARM. 


INTRODUCTION. 

It  is  seldom  that  a  tenant  farmer  pays  much  attention  to  increas- 
ing soil  fertility.  Run-down  and  worn-out  farms  that  have  been 
"  worked  on  shares  "  in  all  the  old  settled  sections  prove  the  truth 
of  this  statement.  A  rented  farm  where  both  owner  and  tenant  are 
receiving  adequate  compensation  for  their  investment  and  services 
and  where  ample  returns  are  made  to  the  soil  to  insure  larger  and 
better  yields  with  each  succeeding  year  should  attract  more  than 
passing  notice.  Such  conditions  exist  on  a  farm  located  in  southern 
Michigan.  It  is  a  dairy  farm  of  120  acres,  of  which  106  acres  are 
tillable,  2^  acres  are  in  natural  pasture,  and  the  remainder  is  taken 
up  by  lanes,  roads,  and  yards  about  the  buildings. 

Prior  to  October,  1905,  the  farm  and  buildings  represented  an 
investment  by  the  owner,  Mr.  J.  N.  Xeal,  of  $12,500,  from  which  he 
received  a  net  yearly  income  of  $1,500,  or  12  per  cent  on  his  invest- 
ment. The  management  of  the  farm  occupied  none  of  his  attention; 
he  was  as  free  to  devote  his  time  to  other  business  matters  as  if  his 
money  had  been  invested  in  bonds  or  mortgages.  The  tenant-man- 
ager, Mr.  Charles  J.  Angevine,  has  been  on  the  place  thirteen  years, 
and  to  him  must  be  given  the  credit  for  the  excellent  condition  of  the 
farm  and  for  the  large  crops  produced. 

CONTRACT  FOR  THE  OPERATION  OF  THIS  FARM. 

The  agreement  under  which  the  business  is  carried  on  is  this:  Each 
man  owns  half  the  dairy  herd.  The  manager  furnishes  the  horses 
and  ordinary  farm  implements,  such  as  plows,  w^agons,  and  harrows. 
Machinery  that  belongs  permanently  on  the  farm,  such  as  engines 
and  silage  cutters,  and  the  general  expenses  of  running  the  place  are 
paid  for  out  of  the  undivided  receipts.  After  all  the  expenses  are 
paid  the  net  proceeds  are  divided  equally. 

Mr.  Neal  keeps  no  record  whatever  of  the  gross  income.  This  may 
seem  unbusinesslike,  but  his  policy  has  been  to  hold  the  tenant  alone 
responsible  for  a  net  income  sufficiently  large  to  make  the  investment 
profitable.  WTien  an  improvement  on  the  farm  is  wanted  the  ques- 
tion asked  the  tenant  is  "  Can  you  make  it  pay  ?  "    No  restrictions 
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as  to  what  shall  or  shall  not  be  done  enter  into  the  contract.  Re- 
sults are  the  only  things  demanded.  The  new  buildings  that  are 
described  later  will  cost  more  than  $10,000.  It  will  be  seen  that  the 
manager  has  an  interesting  problem  to  solve.  To  increase  the  net 
proceeds  nearly  twofold,  so  as  to  make  profits  on  this  added  invest- 
ment, is  a  big  undertaking,  but  neither  the  landlord  nor  the  tenant  is 
at  all  pessimistic  about  the  outcome. 

FARM  ANIMALS. 

In  October,  1905,  a  fire  destroyed  all  of  the  barns  and  silos,  with 
the  exception  of  one  silo  and  a  stable  where  the  young  stock  was 
kept,  and  also  destroyed  the  hay  and  feed  that  had  been  stored  for 
the  winter.  This  necessitated  building  temporary  quarters  for  the 
winter  of  1905-6  and  the  summer  following;  also  of  disposing  of 
several  cows  for  lack  of  room  and  fodder.  The  work  of  building 
new  and  larger  barns  was  begun  in  the  spring  of  1906,  and  these 
are  now  nearing  completion.  But  even  with  the  adverse  conditions 
under  which  the  work  has  been  done  this  past  year,  there  are  on  this 
farm  of  120  acres  60  cows,  43  calves  and  yearlings,  2  bulls,  and  9 
horses.  Nearly  all  of  the  roughage  fed  these  animals  is  grown  on 
the  place.  Concentrates,  such  as  cotton-seed  meal,  oil  meal,  and  bran, 
are  purchased.  It  is  the  purpose  of  the  owners  to  increase  the  num- 
ber of  animals  in  the  herd  to  150.  In  1894  they  began  dairy  operations 
with  17  cows  and  4  horses.  The  number  of  cows  was  increased  to 
30  in  six  years,  and  to  the  present  number  in  the  next  seven. 

Being  dissatisfied  with  the  ordinary  dairy  cows  that  were  offered 
for  sale,  the  owners  began  several  years  ago  to  raise  their  own  stock. 
Each  milking  is  weighed  and  an  accurate  record  is  kept  of  the  per- 
formance of  every  cow.  The  unprofitable  ones  are  disposed  of  as 
soon  as  possible.  Pure-bred  Guernsey  bulls  are  used  and  only  the 
heifers  from  the  best  producing  cows  are  saved  for  the  herd.  In 
this  way  a  herd  has  been  developed  whose  yearly  record  averages 
nearly  7,000  pounds  of  milk  per  cow.  Some  of  the  grade  Guernsey 
heifers  at  three  years  of  age  have  made  better  records  than  their 
dams  ever  did.  The  proportion  of  calves  and  yearlings  to  milch 
cows  at  present  on  the  place  is  unusually  high.  This  is  because  of  a 
wish  to  increase  the  size  of  the  herd  considerably  in  the  next  two 

years. 

MANAGEMENT  OF  THE  HERD. 

The  cows  are  put  in  their  stalls  the  first  of  October  and  are  not 
let  out  until  warm  weather  in  the  spring.  The  rest  of  the  year  they 
are  let  out  during  part  of  the  day  in  the  small  pasture  lot  to  give 
them  exercise.  The  young  stock  and  dry  cows  are  kept  in  separate 
yards  from  the  others.    These  are  to  be  stabled  in  the  quarters  now 
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occupied  by  the  entire  herd  when  the  milch  cows  are  transferred  to 

the  new  barn. 

BATIONS. 

The  plan  of  feeding  is  the  same  in  summer  as  in  winter.  The  cows 
are  fed  grain  in  the  morning  before  milking.  After  milking  they 
get  silage;  alfalfa  hay  is  fed  at  noon,  and  the  grain  and  silage 
again  at  night.  New  milch  cows  get  all  they  will  eat  of  these  dif- 
ferent feeds.  The  quantities  are  gradually  diminished  as  the  period 
of  lactation  advances. 

The  young  stock  and  dry  cows  receive  more  coarse  fodder,  such  as 
corn  stover,  silage,  and  rye  hay,  and  less  grain  than  do  milch  cows. 

Com  silage  would  be  fed  the  entire  year  if  a  sufficient  quantity  were 
available.  It  has  been  found  necessary  at  various  times  to  substi- 
tute for  it  some  other  succulent  feeds,  such  as  beet  pulp,  green 
alfalfa,  and  apple  pomace.  The  experience  with  apple  pomace  on 
this  place  indicates  that  not  enough  attention  has  been  paid  to  this 
by-product  as  a  feed  for  dairy  cows.  WTien  fed  in  alternate  periods 
with  beet  pulp  the  cows  shrink  in  milk  flow  when  on  the  pulp  and 
gain  when  put  back  on  the  apple  pomace.  The  pomace  was  stored  in 
a  long  pile  and  covered  with  cornstalks.  It  kept  fairly  well  imder 
these  conditions  for  two  months.  Pomace  stored  in  casks,  which  is 
practically,  the  same  as  putting  it  in  a  silo,  has  been  known  to  keep 
perfectly  for  seven  months."  In  a  feeding  trial  at  the  Vermont  Agri- 
cultural Experiment  Station,  lasting  two  hundred  and  seventy  days, 
eight  cows  receiving  apple  pomace  gave  the  same  amount  of  milk  and 
3  per  cent  more  butter  than  when  fed  corn  silage.^  Care  should  be 
taken  in  getting  cows  accustomed  to  this  feed.  They  eat  it  very 
readily  and  would  no  doubt  eat  too  much  at  first  if  given  all  they 
wanted.  Mr.  Angevine  gives  about  half  a  bushel  to  each  cow  twice 
daily. 

Soiling  is  not  practiced  except  when  absolutely  necessary.  The 
manager  considers  silage  in  every  way  as  good  a  feed  as  green  crops, 
and  more  economical. 

Bran  forms  the  basis  of  the  grain  ration,  and  is  often  the  only  con- 
centrate used.  It  is  fed  the  whole  year.  Equal  parts  by  weight  of 
cotton-seed  meal,  oil  meal,  and  bran  were  tried,  and  gave  good  results. 

CROPPING  SYSTEM. 

There  is  no  fixed  rotation  of  crops  practiced  on  this  place,  corn 
having  been  planted  after  corn  on  the  same  land  in  some  instances  for 
seven  years.     The  liberal  dressing  of  manure  which  the  whole  farm 

o  Fourth  Annual  Report  of  the  Hatch   Experiment   Station  of   the  Massa- 
chusetts Agricultural  College. 
ft  Fifteenth  Annual  Report  of  the  Vermont  Agricultural  Experiment  Station. 
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receives  each  year  makes  this  possible.  One  field  of  18  acres  gave  a 
yield  of  400  bushels  of  shelled  corn  in  1894.  After  three  years  of 
continuous  cropping  with  corn  it  gave  a  yield  of  1,200  bushels. 
Meantime  it  had  received  500  loads  of  manure  hauled  from  the  city. 
To  quote  the  manager :  "  Two  corn  crops  in  succession  on  the  same 
field  may  not  sound  like  good  farming,  but  the  best  farming  I  have 
done  on  this  place  was  the  growing  of  seven  crops  of  corn  on  the  same 
field  in  nine  years.  The  first  crop  would  not  have  made  over  5  tons 
of  silage  per  acre,  and  the  last  one  made  25  tons."" 

While,  as  before  stated,  no  regular  plan  is  followed  in  planting  the 
crops,  a  system,  extremely  simple  in  outline,  that  promises  maximum 
yields  of  forage  is  gradually  being  developed.  It  is  corn  and 
alfalfa  in  about  equal  areas,  with  winter  rye  whenever  it  can  be 
crowded  in  between  two  crops  of  corn,  and  oats  when  necessary  to  get 
a  new  seeding  of  alfalfa.     Both  the  rye  and  oats  are  cut  for  hay. 

Special  care  is  taken  in  producing  the  corn  that  is  to  go  into  the  silo. 
A  large  kind  of  ensilage  corn  is  planted  on  well-manured  and 
thoroughly  prepared  land.  The  field  of  corn  that  made  25  tons  of 
silage  per  acre  in  1905  received  two  coverings  of  stable  manure — one 
during  the  early  winter  and  the  other  just  before  plowing  in  the 
spring. 

Marked  success  has  resulted  from  seeding  corn  stubble  with  rye, 
cutting  the  rye  for  hay,  and  planting  the  same  field  to  corn  again. 
From  a  10-acre  field  cropped  in  this  manner  four  big  loads  of  rye 
and  15  tons  of  silage  to  the  acre  were  harvested  this  year. 

The  following  table  shows  the  acreage  of  crops  grown  during  1905 
and  1906  and  the  plans  for  1907 : 

System  of  cropping  for  1905,  1906,  and  1907. 


Field  number. 


Acre- 
age. 


Crop,  1905. 


Timothy  hay 

Pasture 

Com 

Oats,  cut  for  hay 
seeded  to  alfalfa. 

Oats,  cut  for  grain; 
seeded  to  rye. 

Alfalfa 


Crop,  1906. 


Pasture 

Corn,  sowed  to  rye 

13  acres  in  com , 

18  acres  In  oats;  seeded 

to  alfalfa. 
1  acre  in  rye;  seeded  to 

alfalfa. 
Alfalfa , 

Rye,  followed  by  corn; 
seeded  to  rye. 

Alfalfa 


Crop,  1907. 


Com. 

Rve,  to    be    cut    for 

nay   and    followed 

by  corn. 
13  acres  in  com. 


19  acres  in  alfalfa. 

Alfalfa. 

Rye,  to  be  cut  for  hay 
and  seeded  to  al- 
falfa. 

Alfalfa. 


In  addition  there  is  a  pasture  of  2^  acres,  which  is  never  plowed. 


a  In  localities  where  fungous  diseases  or  insect  pests,  such  as  the  root  aphis 
and  the  rootworm,  attack  the  corn  crop,  this  practice  would  be  disastrous.    As 
yet  in  the  section  under  discussion  no  trouble  has  been  experienced  from  these 
sources. 
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It  will  be  seen  from  the  foregoing  table  that  32  acres  were  in  corn  in 
1905  and  47  acres  in  1906,  and  that  there  are  to  be  54  acres  planted 
to  this  crop  in  1907. 

Four  years  ago  a  10-acre  field  was  sown  to  alfalfa  as  an  experiment. 
It  did  so  well  that  the  area  devoted  to  this  crop  has  been  increased 
from  10  acres  in  1905  to  23  acres  in  1906,  and  this  is  to  be  increased 
to  52  acres  in  1907. 

Seeding  alfalfa  both  with  and  after  oats  or  rye  has  been  ??iiccess- 
ful.  The  plan  usually  followed  is  to  disk  the  ground  thoroughly  after 
an  oat  crop  has  been  removed  and  sow  the  alfalfa  in  August.  The 
ground  in  1906  was  worked  until  it  was  so  mellow  a  wheelbarrow 
grass  seeder  could  not  be  pushed  over  it.  Where  the  land  has  never 
produced  alfalfa,  it  has  been  the  practice  to  inoculate  it  with  two  or 
three  wagonloads  of  pulverized  sweet  clover  {Melilotus  alha)  sod  to 
10  acres.  This  plant  grows  in  greaj:  abundance  along  the  highways 
in  this  part  of  Michigan.  On  6  acres  that  were  seeded  to  alfalfa  in 
1906,  three  applications  of  manure,  of  8  loads  each  per  acre,  were 
made  before  seeding.     The  field  was  disked  after  each  application. 

The  alfalfa  is  cut  for  hay  three  times  during  the  season.  After 
the  first  cutting  in  the  spring  the  stubble  is  gone  over  with  a  disk 
harrow.  In  case  June  grass  gets  started  it  is  disked  twice  during  the 
year.  The  stand  of  alfalfa  on  this  place  is  as  good  as  any  the  writer 
has  ever  seen. 

BUILDINGS. 

The  buildings  that  escaped  the  fire  were  the  dwelling  house  where 
the  tenant  lives,  one  small  frame  stable,  and  an  adjoining  stave  silo. 
This  stable  stands  about  15  rods  from  the  other  barns  and  will  be 
used  for  housing  the  young  stock  and  dry  cows.  The  silo  has  a  ca- 
pacity of  about  100  tons. 

In  building  the  new  barns  (fig.  1)  care  was  taken  to  make  them  as 
nearly  fireproof  as  possible.  The  ground  plan  of  the  barns  is  in 
the  form  of  an  L.  The  hay  barn  is  I'JO  feet  long,  88  feet  wide,  and 
24  feet  high  to  the  eaves.  The  walls  are  of  hollow  reenforced  con- 
crete. Galvanized-iron  shingles  were  used  on  the  roof  and  to  cover 
the  gables.  In  this  barn  are  horse  stable,  granary,  feed  room,  and 
hay  mows.  The  horse  stable  and  granary  are  situated  at  one  end  of 
the  barn  and  are  separated  by  an  8-foot  feed  alley.  There  is  also  a 
central  driveway  crosswise  of  the  barn.  At  the  rear  of  this  main 
barn  are  two  circular,  solid-walled,  reen forced-concrete  silos.  These 
are  20  feet  in  diameter  and  41  feet  high.  The  silos  are  about  8  feet 
apart.  Extending  back  from  the  silos  and  at  right  angles  to  the 
longer  dimension  of  the  hay  barn  is  the  cow  stable  (fig.  2).  This  is  38 
feet  wide  and  154  feet  long.  The  inside  height  is  8  feet  4  inches  in  the 
dear.    There  is  no  wood  in  this  stable  except  that  used  in  making  the 
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stalls  and  feed  Imxes.  The  walls,  floor,  roof,  crossbeams,  and  even 
the  pillars  that  support  the  roof  are  made  of  reenforced  concrete. 
Fifty-sc^'en  windows  in  the  walls,  each  24  by  40  inches  in  size,  and 
three  skyliofhts  in  the  roof  furnish  j)lenty  of  liirht.  The  King  system 
of  ventilation  was  installed.  The  double  walls  made  this  an  easy 
nuitter.  For  the  intake  of  fresh  air,  flues  about  4  by  8  inches  are 
partitioned  otf  in  the  walls  about  every  10  feet,  and  extend  from  the 
l)ottom  to  the  top  of  the  wall.  The  outside  opening  to  this  flue  is 
about  a  foot  above  the  ground.  The  inside  opening  is  near  the  exil- 
ing. To  remove  the  foul  air  two  circular  chinnieys,  with  an  inside 
diameter  of  i)  feet  4  inches  and  a  height  of  50  feet,  were  built,  one 


Fi«!.  1. — Coiicreto  ImriiK  on  tho  farm  of  .1.  N.  Noal. 

near  each  end  of  the  stable.  The>e  were  placed  at  one  side  of  the 
rcntrnl  f«'eding  aHey.  The  walls  of  these  chimneys  are  solid  reen- 
fnrce<l  ^'oncrctc,  being  <»  inches  thick  for  the  iirst  10  feet  and  for  the 
remainder  l.l  inches.  Six  10  by  I'J  inch  openings  are  left  at  the 
l)oltoin  of  the  wall  of  each  stack  for  the  intake  of  air  and  heavy 
gases. 

Two  I'ows  of  stalls  facing  a  central  feeding  alley  extend  the  whole 
h'uglh  of  the  stable.  The  essential  feature  of  the  kind  of  stall  used 
i>  the  movable  front,  whitrh  can  be  adjusted  acconling  to  the  length 
of  the  cow.     With  this  devicv  and  a  gutter  behind  them  the  cows  can 
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l)e  compelled  to  keep  clean.  An  individual  drinking  trougli  is  in 
every  stall.  Tlie  ceiling  of  the  cow  stable  is  fitted  with  tracks  for 
litter  and  feed  carriers.  The  roof  is  carried  tlirough  l)etween  the 
two  silos,  forming  a  covered  passageway  which  connects  the  feeding 
alley  of  the  cow  stable  with  the  alley  of  the  hay  barn. 

About  45  feet  in  front  of  the  main  barn  and  at  one  side  of  the 
driveway  is  the  milk  house.  This  building  is  '20  by  '20  feet,  one 
story  in  height,  with  a  receiving  tower  at  the  corner  nearest  the 
barn.  The  ground  between  the  storage  barn  and  the  milk  house 
descends  quite  raj^idly,  so  that  the  roof  of  the  milk  house — which  is 
the  lloor  of  the  receiving  tower — is  on  a  level  with  the  floor  of  the 


^.  .^ 
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Vui.  '2. — The  cow  atable.  dhowiui;  veiitilaliui:  chiiuni\V!s.  \vit!i  tlio  si!os  in  the  distniuo. 

barn.  This  intervening  sj)ace  has  been  filled  in  with  dirt.  As  soon 
as  it  is  drawn,  the  milk  is  poured  into  lO-gallon  cans  and  wheeled 
to  the  front  door  of  the  barn.  The  can  is  then  suspended  from  a  car 
on  a  taut  wire  cable,  which  extends  from  the  barn  to  the  milk  house, 
and  is  run  to  the  receiving  tower.  The  milk  is  poure<l  through  a 
strainer  in  the  floor  of  the  tower  on  to  the  aeratoi*.  The  milkers  do 
not  have  to  enter  the  cooling  room  at  all.  Keenforced  concrete  is 
used  exclusively  in  the  construct icm  of  the  walls,  lloor.  tanks,  roof, 
and  chimney  of  this  building.  The  walls  are  hollow,  like  those  of 
the  barn. 
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HIEED  HELP. 

Five  men  are  employed  the  year  round.     These  men  have  been  on 

the  place  from  two  to  seven  years.     Four  of  them  milk  from  10  to 

15  cows  each.     Two  of  the  milkers  drive  the  delivery  wagons  on  the 

city  milk  route  and  take  care  of  the  cans  and  milking  utensils.     One 

attends  to  feeding  the  stock  and  to  the  chores  about  the  barns.     The 

fourth  while  not  milking  is  engaged  at  labor  in  the  fields.     One  man 

devotes  his  entire  time  to  general  work  in  the  fields.     A  few  day 

hands  are  hired  during  busy  times,  such  as  the  haying  and  silo-filling 

seasons. 

HOUBS  OF  WOBK. 

The  milking  takes  about  two  hours  twice  a  day.     It  is  the  first 

work  done  in  the  morning,  commencing  at  4.30,  and  is  finished  in  the 

evening  at  G  o'clock.     It  takes  the  two  men  who  drive  the  milk 

wagons  about  five  hours  to  deliver  the  milk  and  one  hour  to  take 

care  of  the  wagons  and  cans.     The  farm  men  work  about  nine  hours 

in  the  field. 

WAGES. 

The  two  men  who  drive  the  milk  wagons  receive  $25  a  month. 
The  barn  man  gets  $6  a  week.  One  farm  hand  is  paid  $23  a  month ; 
the  other,  a  boy,  $18  a  month.  The  wages  paid  the  temporary  help 
vary  from  50  cents  a  day  for  boys  to  $2.50  a  day  for  skilled  men. 
All  of  the  laborers  are  furnished  board. 

HANDLING  MANURE. 

Sawdust  is  used  for  bedding  in  the  stalls  and  as  an  absorbent. 
This  renders  the  manure  especially  adaptable  for  disking  in,  as  in 
the  case  of  fitting  oat  stubble  for  alfalfa.  No  ill  eft'ects  on  the  soil 
have  ever  been  noticed  from  the  use  of  this  material. 

A  litter  carrier,  suspended  from  an  overhead  track,  carries  the 
manure  from  the  stable  and  dumps  it  on  a  manure  spreader.  The 
spreader  (fig.  3)  stands  on  a  rectangular  cement  foundation,  built 
w^ith  sides  about  2  feet  above  the  floor.  The  ends  of  the  floor  are 
raised  so  that  any  drippings  from  the  spreader  can  not  escape,  but  not 
high  enough  to  prevent  driving  the  spreader  on  or  off.  By  keeping 
.M)me  absorbent  litter,  which  is  changed  when  necessary,  on  this  foun- 
dation all  the  liquid,  as  well  as  the  solid  manure,  is  saved  without 
recourse  to  a  manure  cistern.  A  roof  over  this  foundation,  supported 
by  7-f()ot  posts,  keeps  off  rain  and  snow.  The  manure  is  hauled  to  the 
fields  daily.  Experience  has  shown  that  it  injures  the  texture  of  the 
soil  veiy  much  to  drive  a  loaded  wagon  over  it  when  it  is  too  wet.  To 
avoid  this  trouble,  the  building  in  the  near  future  of  a  shed  large 
enough  to  store  the  manure  accumulating  during  the  wet  periods  of 
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the  year  is  contemplated.  In  the  past  it  has  been  the  custom  to  haul 
from  400  to  500  loads  of  manure  a  year  from  the  city,  but  this  is  not 
practiced  any  more,  enough  being  produced  by  the  herd  to  cover  the 
whole  farm  with  6  to  8  tons  to  tlie  acre  each  year.  (Commercial 
fertilizers  have  been  tried  in  small  cpiantities,  but  their  use  has  been 
abandoned. 

EaXJIFMENT. 

The  implements  and  machinery  in   use  on  this  farm   are   three 
M'agons,  two  disk  harrows,  one  smoothing  harrow,  two  walking  plows, 


Fkj,  ;{.     -TliL*  shi*(I  whoro  tlio  iiianurt'  spn'iidrr  stands. 

one  gang  disk  plow,  two  '^-liorsc  cultivators,  one  corn  binder,  one 
mowing  machine,  one  'i-row  cultivator,  one  manure  sj)rea(ler,  one 
weeder,  one  combined  fertilizer  and  grain  (h'ill,  (mo  ir)-horse[)()wVr 
gasoline  engine,  and  one  silage  cutter.  '"One  of  the  best  tools  is  a 
float  nuide  of  three  S-foot  poles,  weighted  so  as  to  make  a  good  load 
for  three  heavy  horses." 

DISPOSAL  OF  PRODUCT. 

Most  of  the  milk  from  the  dairy  is  retailed  in  a  near-by  city.  Two 
delivery  wagons  are  used.  There  are  several  lirst-class  dairies  supply- 
ing this  same  market,  and  the  comiDetition  is  very  keen.    The  finan- 
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cial  success  of  this  farm  can  not  therefore  be  attributed  to  high 
prices  received  for  the  milk.  The  usual  rate  is  5  cents  a  quart  for 
whole  milk  delivered  to  the  consumer. 

FINANCIAL  STATEMENT  FOE  1905. 

It  is  impossible  to  give  an  exact  itemized  statement  of  expenses  or 
of  returns.  Hence  the  following  table  contains  only  round  num- 
bers.    These,  however,  are  believed  to  be  substantially  correct. 

The  figures  are  for  the  year  1905.  During  that  year  the  herd  con- 
tained 45  cows.  About  one-third  of  the  milk  was  sold  at  wholesale 
at  4  cents  a  quart  and  the  remainder  at  retail  at  5  cents.  Some  days 
there  was  a  surplus,  and  there  were  occasional  losses  from  accident. 
The  principal  loss,  however,  resulted  from  the  failure  of  drivers  to 
keep  accurate  records  of  all  milk  sold  on  account.  Mr.  Angevine 
thinks  the  losses  from  this  source  alone  were  more  than  $1,000.  He 
now  uses  a  ticket  system,  which  prevents  most  of  this  loss. 

Receipts  and  expenditures,  1905. 

Receipts  for  milk  retailed $5,500 

Miscellaneous  receipts  for  hogs,  calves,  chickens,  etc 500 

Total  receipts 6, 000 

Paid  out  for  feed _- $1,000 

Labor,  five  regular  hands 1,404 

Labor  (day  help)  and  other  expenses 59G 

Total  expenses 3,  ooo 

Net  proceeds 3,  oOO 
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Exi)eriment  Station  Work  is  a  subseries  of  brief  popular  bulletins  compiled 
from  the  published  reports  of  the  agricultural  experiment  stations  and  kindred 
institutions  in  this  and  other  countries.  The  chief  object  of  these  publications 
is  to  disseminate  throughout  the  country  information  regarding  experiments  at 
the  different  experiment  stations,  and  thus  to  acquaint  farmers  in  a  general 
way  with  the  progress  of  agricultural  investigation  on  its  practical  side.  The 
results  herein  reported  should  for  the  most  part  be  regarded  as  tentative  and 
suggestive  rather  than  conclusive.  Further  experiments  may  modify  them,  and 
experience  alone  can  show  how  far  they  will  be  useful  in  actual  practice.  The 
work  of  the  stations  must  not  be  depended  upon  to  produce  "  rules  for  farming." 
How  to  apply  the  results  of  experiments  to  his  own  conditions  will  ever  remain 
the  problem  of  the  individual  farmer. — A.  C.  True,  Director,  Office  of  Experi- 
ment Stations. 
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EXPERIMENT  STATION  WORK." 


INSOLTTBLE  PHOSPHATES.^ 

The  fertilizing  value  of  fine-ground  insoluble  phosphates  (floats) 
is  attracting  considerable  attention  at  the  present  time.  The  work 
of  C.  E.  Thorne,  of  the  Ohio  Station;  C.  G.  Hopkins,  of  the  Illi- 
nois Station,  and  H.  J.  Patterson,  of  the  Maryland  Station,  espe- 
cially, has  encouraged  the  hope  that  under  certain  conditions  the 
cheaper  untreated  phosphates  may  be  used  with  profit,  as  explained 
in  a  previous  bulletin  of  this  series.^  Experiments  under  other  con- 
ditions, however,  suggest  caution  in  the  general  application  of  the 
results  obtained  in  the  above  experiments. 

For  example,  experiments  made  by  W.  P.  Brooks  at  the  Massa- 
chusetts Experiment  Station  have  emphasized  the  fact  established 
by  the  earlier  experiments  at  the  Maine  Station  that  the  kind  of 
crop  to  be  grown  will  often  determine  whether  it  is  profitable  to 
use  the  insoluble  phosphates. 

H.  J.  Wheeler  and  G.  E.  Adams,  of  the  Rhode  Island  Station, 
have  recently  reported  experiments  extending  over  a  series  of  years 
in  which  floats  were  compared  with  a  number  of  other  soluble  and 
insoluble  phosphates  on  corn,  grass,  and  a  great  variety  of  other 
crops  on  limed  and  unlimed  soil,  showing  a  wide  variation  in  the 
efficiency  of  the  insoluble  phosphate  under  varying  conditions  of 
soil,  crop,  etc. 

The  floats  gave  very  poor  results  on  com  the  first  year  as  compared 
with  the  other  phosphates.  In  subsequent  years,  however,  the  phos- 
phoric acid  of  the  floats  slowly  became  available  and  gave  good 
results  on  both  com  and  grass.  It  is  probable  that  in  the  case  of  the 
grass  the  accumulating  organic  matter  materially  aided  in  rendering 
the  phosphoric  acid  of  the  floats  assimilable. 

In  view  of  the  low  price  of  floats  and  the  relatively  large  amount  of  phos- 
phoric acid  applied  in  consequence,  these  results  demonstrate  that  if  one  begins 

o  A, progress  record  of  experimental  inquiries,  published  without  assumption 
of  responsibility  by  the  Department  for  the  correctness  of  the  facts  and  conclu- 
sions reported  by  the  stations. 

»  Compiled  from  Rhode  Island  Sta.  Bui.  114. 

«  U.  8.  Dept  Agr.,  Farmers'  Bui.  262,  p.  7. 
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upon  land  deficient  in  assimilable  phosphoric  acid,  even  with  Indian  corn,  one 
should  not  place  too  much  reliance  upon  the  floats  the  first  year,  but  should 
supplement  them  with  some  soluble  phosphate.  In  later  years  they  appear  to 
be  of  marked  value  in  connection  with  timothy,  and  especially  with  redtop  and 
Indian  com. 

In  case  of  peas  on  limed  soil  floats  gave  very  good  results,  confirm- 
ing the  general  conclusion  "  that  the  legumes  have,  as  a  rule,  a  marked 
ability  to  acquire  phosphoric  acid  from  certain  unacidulated  mineral 
phosphates."  With  "  oats,  summer  squash,  crimson  clover,  Japa- 
nese millet  (on  the  unlimed  land),  golden  millet,  white-podded 
Adzuki  bean,  soy  bean,  and  potato  (on  the  unlimed  land)  floats  [also] 
gave  very  good  results,  but  with  the  flat  turnip,  table  beet,  and  cab- 
bage they  were  relatively  very  inefficient,  notwithstanding  that  much 
more  phosphoric  acid  had  been  applied  in  the  floats  than  in  any  other 
of  the  phosphates." 

The  results  in  general  indicate  that — 

Floats  can  probably  be  used  to  best  advantage  on  moist  soil  rich  in  decaying 
vegetable  matter,  and  for  such  crops  as  certain  legumes,  Indian  corn,  millet, 
and  possibly  wheat  and  oats,  which  seem  far  better  able  to  make  use  of  them 
than  certain  vegetables.  The  vegetable  growers  in  the  East  should  not  be 
infiuenced  to  use  them  on  account  of  their  reported  value  on  the  Illinois  black 
soil  of  the  corn  belt,  where  wheat,  grass,  clover,  and  Indian  com  are  the  chief 
crops,  and  where  the  soil  conditions  are  exceptionally  favorable  to  their  ready 
assim liability.  Perhaps  it  may  be  found  that  fioats  can  be  advantageously 
mixed  with  the  stable  manure  which  gardeners  collect  during  the  winter,  but 
this  is  a  point  which  needs  to  be  more  definitely  determined.  The  fact  that 
phosphoric  acid  in  floats  costs  less  than  half  what  it  does  in  bone  makes  it 
most  desirable  to  utilize  the  former  where  it  can  be  done  to  advantage,  but  the 
Rhode  Island  gardener  and  general  farmer  will  do  well  to  study  the  foregoing 
results  carefully  before  employing  the  floats  extensively  or  depending  upon 
them  at  the  outset,  or  his  bank  account  may  pay  the  penalty. 

The  conditions  under  which  these  experiments  were  made  in  Rhode 
Island  are  to  a  considerable  extent  representative  of  those  of  other 
parts  of  the  eastern  United  States  where  diversified  and  intensive 
farming  is  largely  practiced  on  thin,  worn  soils.  It  seems  quite  clear 
from  the  results  of  all  the  experiments  which  have  been  made  under 
such  conditions  that  (1)  the  insoluble  phosphates  are  not  equally 
effective  on  all  crops,  and  hence  are  not  generally  well  adapted  to 
intensely  diversified  farming,  such  as  market  gardening;  (2)  they 
are  slower  in  action  than  soluble  phosphates,  and  hence  not  well  suited 
to  short-season,  quick-growing  crops;  (3)  they  do  not,  as  a  rule,  prove 
very  efficient  on  thin,  worn  soils  deficient  in  decaying  organic  matter, 
and  hence  if  they  are  to  give  good  results  on  such  soils  they  must  be 
used  in  connection  with  liberal  applications  of  barnyard  manure  and 
green  manures. 
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FORMS  AND  KETHODS  OF  APFLYINO  UME.' 

H.  J.  Patterson,  of  the  Maryland  Experiment  Station,  has  recently 
reported  the  results  of  fourteen  years'  experiments  on  the  relative 
value  of  different  kinds  of  caustic,  quick,  or  burnt  lime  (fat  or  rich 
stone  lime,  poor  magnesian  stone  lime,  oyster-shell  lime),  slaked  lime, 
gas-house  or  gas  lime,  gypsum  or  land  plaster,  ground  limestone, 
marl,  and  phosphate  of  lime,  as  well  as  soft-coal  ashes,  when  applied 
in  different  ways  (slaked  and  unslaked,  as  top-dressing,  or  worked 
into  the  soil)  and  amounts  in  a  common  crop  rotation  (com,  wheat, 
and  timothy  and  clover) ,  in  connection  with  green  manures  (cowpeas) 
and  with  stable  manure. 

It  was  found  that  in  case  of  the  rotation  named,  on  a  run-down 
sandy  loam,  naturally  well  drained,  limed  plats  gave  larger  yields 
than  unlimed  plats,  the  average  net  return  from  liming  being  $4.50 
per  acre  annually,  valuing  com  at  40  cents  per  bushel,  com  fodder 
at  20  cents  per  hundredweight,  wheat  at  90  cents  per  bushel,  straw  at 
20  cents  per  hundredweight,  and  hay  at  50  cents  per  hundredweight. 
A  net  return  of  $4.50  per  acre  means  a  profit  of  $450  to  $600  annually 
when  applied  to  a  100-acre  or  a  150-acre  farm,  respectively. 

A  study  of  the  most  profitable  rate  of  applying  lime  showed  that 
an  application  of  20  bushels  per  acre  gave  only  about  25  per  cent 
more  net  profit  than  an  application  of  10  bushels,  and  of  60  bushels 
only  about  50  per  cent  more  than  10  bushels,  but  that  the  relative 
profits  at  the  end  of  four  years  were  in  favor  of  20  bushels  per  acre. 
On  unproductive,  stiff,  rather  wet  clay  soil  it  was  found  to  be  de- 
cidedly advantageous  to  use  lime  at  the  rate  of  40  bushels  per  acre 
in  combination  with  a  green  manuring  of  cowpeas.  It  was  also  found 
to  be  advantageous  on  the  same  kind  of  soil  to  use  lime  in  combina- 
tion with  stable  manure.  "  The  net  profits  per  year  from  the  use  of 
12  tons  of  manure  and  20  bushels  of  lime  per  acre  are  greater  than 
have  been  obtained  in  any  of  the  other  lime  tests  and  are  in  a  measure 
an  explanation  for  the  better  crops  which  are  obtained  in  those 
sections  of  the  State  that  have  used  lime  and  manure  extensively  for 
generations." 

In  these  experiments  the  results  slightly  favored  the  incorporation 
of  unslaked  lime  with  the  soil  immediately  upon  application  rather 
than  applying  it  as  a  top-dressing. 

Oyster-shell  lime  was  apparently  somewhat  more  effective  than 
stone  lime,  though  the  difference  was  not  marked.  Magnesian  lime 
produced  decidedly  better  yields  of  grain  than  pure  lime,  though  not 
quite  so  much  forage.     Calcium  carbonate  (2,600  pounds  per  acre) 

a  Compiled  from  Maryland  Sta.  Bnl.  110.     See  also  U.  8.  Dept.  Agr.,  Farmers' 
BolB.  65,  77,  122,  124,  133,  237,  269. 
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gave  decidedly  better  results  than  caustic  lime,  and  the  application 
of  shell  marl  (13,000  pounds  per  acre)  produced  more  grain  and 
forage  than  either  stone  lime  or  oyster-shell  lime.  Caustic  lime  and 
fine-ground  oyster  shells  (calcium  carbonate)  were  cheaper  and  much 
more  effective  than  gypsum  or  land  plaster  (4,125  pounds  per  acre). 
Caustic  lime  was  also  much  more  effective  than  gas  lime  (2,925  pounds 
per  acre)  of  oyster-shell  origin.  Calcium  phosphate  in  the  form 
of  finely  ground  South  Carolina  rock  (2,925  pounds  per  acre)  gave 
better  results  than  gypsum,  but  not  so  good  as  either  calcium  carbo- 
nate or  caustic  lime.  Soft-coal  ashes  (13,000  pounds  per  acre)  pro- 
duced little  if  any  effect. 

FEETUIZINO  VALUE  OF  THE  SEDIMENT  IN  lEEIOATION 

WATEE.» 

The  rivers  of  arid  regions  generally  carry  large  amounts  of  sedi- 
ments, particularly  in  times  of  flood.  The  Nile,  which  by  its  annual 
overflows  has  maintained  the  marvelous  fertility  of  Egypt  through 
untold  ages,  is  a  well-known  but  typical  illustration  of  the  importance 
of  water  sediments  in  relation  to  the  maintenance  of  soil  fertility. 
Similar  illustrations  may  be  cited  in  case  of  other  streams,  either  in 
connection  with  natural  floods  or  with  the  use  of  their  waters  in 
irrigation. 

The  Office  of  Experiment  Stations  of  this  Department,  through 
its  Irrigation  and  Drainage  Investigations,  has  determined  the 
f^mount  of  silt  or  sediment  carried  by  various  streams  used  for  irri- 
gation. These  determinations  show,  for  example,  that  the  principal 
Texas  streams — the  Rio  Grande  and  the  Brazos  and  Colorado  rivers — 
carry  from  about  0.65  to  nearly  3  per  cent  of  sediment,  it  being  cal- 
culated from  the  measurements  which  have  been  made  that  the 
Brazos,  for  example,  carries  enough  sediment  during  the  year  to  cover 
40,000  acres  1  foot  deep. 

R.  H.  Forbes,  of  the  Arizona  Station,  has  made  a  very  careful 
study  of  the  sediments  carried  by  the  Gila,  Salt,  and  Colorado  rivers 
in  Arizona.  He  estimates  that  the  Gila  River  at  Florence  carries 
on  an  average  19.23  tons  of  sediment  per  acre-foot  of  water,  the  Salt 
River  at  McDowell  1.2  tons,  the  Colorado  River  at  Yuma  9.62  tons. 
The  amounts,  however,  vary  very  widely  at  different  times.  The 
average  amounts  stated  would  furnish  on  the  average  214  pounds  of 
potash  per  acre  annually,  37  pounds  of  phosphoric  acid,  and  28 
pounds  of  nitrogen  in  case  of  the  Gila  River;  18  pounds  of  potash, 
(>.6  pounds  of  phosphoric  acid,  and  5.5  pounds  of  nitrogen  in  case  of 
Salt  River,  and  113  pounds  of  potash,  10  pounds  of  phosphoric  acid. 


aCompiled  from  Arizona  Sta.  Buls.  44,  53;  U.  S.  Dept  Agr.,  Office  of  Experi- 
ment Stas.  Buls.  133.  p.  200 ;  158,  p.  85. 
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and  4.8  pounds  of  nitrogen  in  case  of  the  Colorado  River.  Analyses 
by  G.  E.  Colby,  of  the  California  Station,  of  samples  of  creek  waters 
used  for  irrigation  in  the  Santa  Clara  Valley,  California,  as  reported 
by  S.  Fortier,  of  the  Irrigation  and  Drainage  Investigations  of  the 
Office  of  Experiment  Stations,  showed,  however,  that  a  12-inch  irri- 
gation with  these  waters  added  only  4.55  pounds  of  available  potash 
and  1.3  pounds  of  phosphoric  acid  to  each  acre  of  land. 

These  facts  merely  serve  to  give  definite  form  to  the  knowledge,  as  old  ne 
human  history,  that  river  irrigating  sediments  increase  the  productiveness  of 
land.  The  varying  values,  shown  in  our  southwestern  river  sediments,  call  to 
mind  the  parallel  fact,  known  in  Egypt  since  ancient  times,  that  the  Red  Nile 
floods  from  Abyssinia  are  more  valuable  than  those  from  other  watersheds 
tributary  to  that  river. 

The  calculations,  however,  are  based  upon  the  assumption  that  all 
of  the  sediment  reaches  the  irrigated  fields,  but — 

By  no  means  all  of  the  sediments  are  carried  upon  irrigated  fields.  With 
gentler  gradients  and  slackening  motion  of  the  water,  the  heavier  i)ortions  iirti 
soon  dropped  in  canals  and  laterals,  necessitating  the  never-ending  work  of  ditch 
cleaning.  The  remaining  lighter  portions  are  carried  upon  irrigated  groutnl 
where,  with  still  further  decrease  in  the  movement  of  the  water,  the  residual 
solids  are  deposited  in  large  part  near  the  point  of  diversion  from  the  supply 
ditch. 

In  considering  the  effects  of  sediments  upon  lands,  therefore,  it  is  necessary  to 
allow  for  the  manner  in  which  they  are  distributed,  this  distribution  l)elnt' 
affected  by  the  kind  of  crop,  the  method  of  irrigation,  and  the  slope,  as  well  as 
by  the  fineness  of  the  sediments  themselves. 

While  we  calculate,  therefore,  that  4  average  acre-feet  of  Colorado  River 
water  at  Yuma  carry  sediment  enough  to  make  a  layer  of  soil  about  one-fourth 
of  an  inch  thick  each  year,  the  larger  portion  of  this  amount  is  actually  con- 
centrated upon  probably  much  less  than  half  of  the  ground  irrigated. 

Rising  ditch  banks  and  increasing  gradients  in  irrigated  fields  under  muddy 
streams  attest  the  activity  of  this  factor  and  suggest  that  in  this  region  in  time 
to  come  the  disposal  of  ditch  cleanings  and  field  deposits  may  become  a  serious 
problem. 

While  the  fertilizing  value  of  these  sediments  is  undoubted,  the 
results  of  their  accumulation  on  irrigated  soils  are  often  decidedly 
injurious. 

Irrigating  sediments  may  be  beneficial  or  harmful  to  crops  according  to  their 
composition  and  physical  character  and  their  disposition  in  or  upon  the  sc^lL 
Whether  beneficial  or  harmful  in  composition,  if  they  accumulate  upon  the  stnr- 
face  of  the  soil  in  the  form  of  silt  blankets  more  or  less  impervious  to  watcc 
and  air,  their  influence,  by  limiting  the  supply  of  these  essential  substances  tu 
plant  roots,  is  notably  harmful.  In  certain  localities  where  these  irrigatlug 
sediments  are  very  plastic  in  character  and  excessive  in  amount  the  damaiyre. 
particularly  to  alfalfa  and  other  crops  which  can  not  receive  constant  find 
thorough  cultivation,  is  of  an  increasingly  serious  character. 

Cultivation,  where  practicable,  as  deep  and  thorough  as  possible  is  the  best 
available  means  of  handling  these  accumulations.     Beneflcial   sediments   are 
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thus  lucorporated  with  the  soil  and  their  fertilizing  properties  made  available 
to  plant  roots*  while  sediments  of  barren  character  are  dispersed  to  the  depth 
of  cultivation  through  the  soil.  When,  however,  sediments  of  undesirable  char- 
acter predominate  cultivation  can  only  modify  and  not  remedy  resulting 
conditions. 

In  such  cases  it  is  desirable  to  lessen  the  sediments  in  irrigation 
waters  by  means  of  settling  basins  and  similar  devices. 

HAEDT  BEEMDDA  OEASS.<> 

In  recently  settled  prairie  regions  the  problem  of  grass  culture  does 
not  usually  present  itself  until  the  wild  lands  are  largely  brought 
under  cultivation  and  the  individual  farms  are  becoming  well  stocked 
with  farm  animals.  Up  to  this  time  the  wild  grasses  have  furnished 
suflScient  hay  and  pasturage  and,  as  a  rule,  little  thought  has  been 
given  to  providing  forage  from  another  source.  Under  these  condi- 
tions the  problem  is  rather  difficult  of  solution,  for  the  settler  finds 
himself  in  a  new  environment,  soil  and  climate  probably  differ  largely 
from  these  same  factors  in  the  region  from  which  he  came,  and  no 
advice  founded  on  actual  experience  is  available  by  which  he  might 
be  guided  in  laying  down  cultivated  land  to  grass.  In  Oklahoma 
where  these  conditions  obtain,  the  experiment  station  realized  that 
sooner  or  later  this  question  would  have  to  be  met,  and  therefore  has 
come  to  the  assistance  of  the  farmer  through  data  gathered  in  grass 
culture  tests  begun  in  1892.  This  work,  which  is  still  in  progress, 
has  now  been  followed  for  fourteen  years,  and  the  recommendations 
based  on  the  results  secured,  which  the  institution  at  the  present  time 
is  able  to  make,  are  of  special  value  to  the  region  concerned. 

The  results  of  these  tests,  as  well  as  of  cooperative  work  with  farm- 
ers over  the  Territory,  indicate  that  of  all  the  grasses  coming  under 
observation  Bermuda  grass  alone  has  shown  the  necessary  qualities 
of  a  pasture  grass  for  Oklahoma.  One  of  the  first  experiences  with 
this  grass  grown  from  seed  was  that  although  it  made  a  good  growth 
during  the  season,  it  killed  back  during  the  winter  and  made  a  late 
start  in  the  spring.  With  these  disadvantages  the  species  failed  to 
fulfill  two  very  essential  conditions  of  a  successful  pasture  and  lawn 
grass,  but  through  the  efforts  of  the  station  these  objections  have  been 
largely  overcome.  On  several  test  plats  plants  were  observed  which 
showed  a  superior  resistance  to  cold  weather,  combined  with  an  early 
spring  growth,  beginning  to  grow  as  early  as  April  1  even  after  a 
severe  winter.  This  observation  suggested  a  line  of  work  for  the  im- 
provement of  Bermuda  grass  and  its  culture.  A  large  planting  of 
roots  was  made  in  July  of  1904.  Part  of  these  roots  were  taken  from 
a  plat  recently  grown  from  seed  and  part  from  plats  that  had  been 

o  Compiled  from  Oklahoma  Sta.  Bui.  70. 
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established  at  least  ten  years  and  had  passed  through  a  cold  period 
with  a  minimum  temperature  of  17°  below  zero  and  with  no  snow 
on  the  ground.  This  planting  made  an  almost  uniform  heavy  growth 
before  frost.  Tfti?  following  spring,  after  a  winter  with  temperature 
records  of  18°  below  zero,  the  plants  grown  from  the  acclimated  roots 
produced  on  the  long-established  plats  were  found  growing  vigor- 
ously on  March  29,  and  these  soon  covered  the  ground  and  kept  out 
the  crab  grass,  while  the  plats  planted  with  roots  recently  grown  fioin 
seed  had  all  of  their  previous  season's  growth  killed  back.  Some  of 
the  plants  were  entirely  killed  out  and  all  that  survived  did  not  be- 
gin to  grow  again  until  May  and  were  almost  overwhelmed  by  crab 
grass. 

A  further  test  was  made  of  the  hardy  strain  by  sending  the  roots 
for  trial  to  every  county  in  the  Territory.  The  reports  from  these 
cooperative  trials  indicate  in  general  that  this  hardy  grass  was  much 
more  vigorous  than  that  grown  from  seed,  that  the  stems  remained 
green  throughout  the  winter,  and  that  it  began  its  new  growth  in 
March.  One  of  the  experimenters,  who  had  tried  growing  Bermuda 
grass  from  seed  many  times  only  to  have  it  frozen  out  every  winter, 
reported  that  with  him  this  hardy  strain  began  its  growth  about 
March  5,  and  that  he  regarded  it  as  an  entirely  satisfactory  pasture 
grass  if  not  pastured  until  the  second  year,  and  then  not  too  closely^ 
in  order  to  allow  the  runners  to  become  firmly  rooted. 

A  number  of  tests  of  this  hardy  Bermuda  grass  for  lawn  purpo^s 
were  also  made  with  satisfactory  results.  The  principal  objection 
to  this  species,  even  if  a  hardy  strain  has*  been  secured,  is  that  it  does 
not  remain  green  during  winter.  The  station  has  also  found  a  means 
of  mitigating  this  disadvantage  to  a  large  extent.  "A  covering  of 
Bermuda  grass  on  the  lawn  will  not  hinder  the  germination  of  white 
clover  or  Kentucky  blue  grass  seed  sown  into  it  in  September.  Some 
of  the  white  clover  will  persist  and  show  up  early  in  the  spring. 
There  are  areas  on  the  college  campus  here  where  white  clover  and 
Bermuda  grass  have  been  growing  together  for  five  years.  From 
February  to  May  the  white  clover  makes  excellent  growth  and  the 
Bermuda  is  scarcely  noticeable.  From  June  to  October  the  Bermxida 
grass  covers  the  ground  with  a  mat  of  green  and  the  clover  almost 
disappears.  This  combination  of  white  clover  and  Bermuda  grass 
promises  well,  and  may  ultimately  be  useful  for  pastures  as  well  as 
lawns.  But  the  foundation  should  be  a  perfect  sod  of  hardy  Ber- 
muda grass." 

To  effect  a  rapid  distribution  of  Bermuda  grass  the  station  advises 
the  planting  of  sod  from  grass  which  has  successfully  survived  sev- 
eral winters  and  starts  its  new  growth  by  April  1  of  each  year.  Seed 
of  hardy  Bermuda  grass  for  Oklahoma  is  not  obtainable,  but  the  ex- 

281 


12 

pense  of  starting  the  grass  from  i\  home-grown  supply  of  sod  is  not 
so  great  as  starting  it  from  seed. 

As  a  soil  preparation  for  planting  the  sod,  winter  plowing  and  fre- 
quent harrowings  are  recommended.  The  planting  may  be  done  from 
April  15  to  July  15,  the  sod  being  placed  in  furrows  made  with  a 
single  shovel  plow  about  6  inches  deep  and  3  feet  apart.  The  pieces 
of  sod  from  1  to  2  inches  square  are  dropped  18  inches  apart  in  the 
newly  made  furrows  and  covered  with  either  the  foot  hoe  or  double- 
shovel  plow,  a  thicker  covering  being  given  when  the  soil  is  dry  than 
when  it  is  wet  in  order  to  assure  the  necessary  moisture  conditions. 
Harrowing  does  not  sufficiently  cover  the  sod.  When  roots  free  from 
dirt  are  planted  the  soil  is  prepared  in  the  same  way,  but  the  roots 
are  set  out  more  carefully  than  the  sod,  the  soil  being  firmed  about 
them  and  a  little  of  the  root  left  exposed  to  the  air,  while  the  sod  is 
completely  covered.  The  new  plantings  of  Bermuda  grass  are  cul- 
tivated the  same  as  com  or  potatoes  to  kill  out  the  crab  grass  and 
other  weeds  and  to  promote  the  rooting  of  the  grass  by  providing 
loose  soil,  but  as  soon  as  the  runners  begin  to  extend  from  one  row 
to  another  and  there  is  danger  of  tearing  them  away  cultivation  is 
discontinued.  Worn-out  pastures,  loose  sandy  soils,  and  waste  land 
with  a  scanty  growth  of  timber  and  poor  grass  may  all  be  trans- 
formed into  useful  pastures  by  planting  sod  as  described  and  allow- 
ing the  grass  to  establish  itself  during  the  first  season.  At  the  sta- 
tion thin,  well-cultivated  upland  soil  was  set  out  to  Bermuda  grass 
by  planting  small  pieces  of  sod  18  inches  apart  in  rows  3  feet  apart 
on  June  29  and  30,  1905,  and  the  grass  cut  from  this  planting  Sep- 
tember 25,  1905,  was  entirely  free  from  weeds  and  crab  grass  and 
yielded  2,584  pounds  of  cured  hay  per  acre.  The  rainfall  during  the 
three  months  in  which  this  crop  was  grown  was  14.18  inches,  as  com- 
pared with  9.62  for  the  same  period  in  previous  years.  An  analysis 
of  the  hay  showed  that  it  contained  9.20  per  cent  of  protein  and  1.24 
per  cent  of  fat,  as  compared  with  5.9  per  cent  of  protein  and  2.5  per 
cent  of  fat  for  timothy  hay,  7.8  per  cent  protein  and  3.9  per  cent  fat 
for  Kentucky  blue  grass  hay,  and  14.3  per  cent  of  protein  and  2.2 
per  cent  of  fat  for  alfalfa  hay. 

Although  hardy  Bermuda  grass  is  not  easily  killed  out,  it  is  not 
believed  that  at  this  latitude  it  will  spread  and  become  a  pest  in  fields 
and  other  places  where  it  is  not  desired.  "  Its  place  is  for  permanent 
pasture,  for  hay  on  good  land  subject  to  overflow,  and  for  a  solid 
covering  of  the  lawn  and  the  usual  muddy  spots  about  house  and  feed 
lots."  At  the  station  it  is  giving  a  profitable  yield  of  pasture  on 
land  so  full  of  white  alkali  that  no  other  crop  will  grow.  It  has 
also  been  foimd  most  effective  in  sodding  ditches  in  cultivated  fields, 
pond  banks,  and  other  bare  places,  to  prevent  washing. 


THE  WILLIAMSON  METHOD  OF  CORN  CTTLTXrEE." 

Considerable  interest  and  discussion  have  been  aroused  during  the 
past  two  years  among  com  growers  in  the  South  by  the  exploitation 
of  the  so-called  Williamson  method  of  com  culture.  This  is  largely 
due  to  the  fact  that  the  method  involves  a  new  principle  and  one 
departing  widely  from  generally  accepted  ideas  on  corn  growing.  If 
the  method  is  successful  in  achieving  the  object  sought,  it  is  of  the 
greatest"  importance  to  that  section  of  the  country  for  which  it  is  in- 
tended. An  undesirable  feature  in  the  growth  of  corn  in  the  South 
is  the  tendency  to  produce  a  large  stalk  at  the  expense  of  the  yield  of 
grain,  and  the  primary  object  of  this  new  method  of  culture  is  to  pro- 
duce more  gi*ain  and  less  stalk.  In  a  recent  bulletin  the  South  Caro- 
lina Experiment  Station  presents  a  detailed  description  of  the  method 
as  authorized  by  Mr.  E.  M.  Williamson,  the  originator,  and  also 
reports  the  results  of  observations  made  on  farms  where  corn  is 
grown  according  to  this  plan. 

It  appears  that  of  the  fields  inspected  all  were  planted  with  corn 
secured  from  Mr.  Williamson  except  two,  one  of  which  was  planted 
with  a  variety  similar  to  the  Williamson  com  and  the  other  with 
Marlboro  Prolific.  The  Williamson  corn  bore  the  ears  about  3  feet 
and  the  Marlboro  Prolific  about  26  inches  above  the  ground.  The 
number  of  ears  per  stalk  or  the  size  of  the  ears  of  the  Marlboro  Prolific 
was  apparently  not  influenced  by  the  method  of  culture.  "  The  Wil- 
liamson corn  habitually  bears  one  ear  to  the  stalk,  and  the  ears,  when 
grown  by  the  Williamson  plan,  are  from  6  to  8  inches  long  and  from 
7^  to  10  inches  in  circumference.  The  type  is  intermediate  between 
southern  gourd  seed  and  the  standard  dent.  The  grains  are  (white) 
from  eight  to  eleven  sixteenths  of  an  inch  long,  four  to  six  sixteenths 
of  an  inch  wide,  and  two  or  three  sixteenths  of  an  inch  thick.  The 
cob  is  usually  red  and  from  4^  to  5^  inches  in  circumference,  the  cir- 
cumference measurements  being  taken  one-third  the  cob  length  from 
the  butt.  A  hundred  pounds  of  ears  shell  from  82  to  90  pounds  of 
grain.     Eighty-five  to  100  ears  will  shell  a  bushel  of  corn." 

Mr.  Williamson  advocates  plowing  the  land  during  the  winter 
about  one-fourth  deeper  than  it  was  plowed  before  if  the  soil  has 
never  been  broken  deep  enough  for  corn,  or  one-third  deeper  if  much 
vegetable  matter  is  to  be  turned  under.  Subsoiling  to  a  greater  depth 
may  be  practiced  in  connection  with  plowing  at  any  time,  provided 
no  more  subsoil  than  is  turned  up  by  the  plow  is  worked  to  the  sur- 
face. The  disk  plow  is  very  effective  in  turning  under  cotton  or  corn- 
stalks without  previous  chopping,  and  it  also  works  well  in  pea  vines. 
The  next  step  is  bedding  the  land  in  6-foot  rows  with  the  turn  plow, 

o  Complied  from  South  Carolina  Sta.  Bui.  124;  Alabauia  Sta.  Bui.  138. 
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and  in  doing  this  a  5-inch  balk  is  left,  which  is  brok^i  out  with  the 
scooter  just  before  planting.  The  scooter  furrow  is  deepened  with 
the  Dixie  plow  with  the  wing  taken  off,  and  a  ridge  is  then  thrown  on 
this  furrow  with  the  same  plow.  As  soon  as  the  danger  of  frost  is 
over  the  com  is  planted  on  this  ridge  at  the  rate  of  one  kernel  every 
5  or  6  inches.  Early  planting  is  especially  necessary  on  very  rich 
lands  to  prevent  stalks  from  growing  too  large.  The  first  working  is 
given  soon  after  planting  with  the  harrow  or  any  suitable  iny)lement 
that  will  not  cover  the  plants.  The  crop  is  worked  the  second  time 
when  the  plants  are  about  8  inches  high,  a  10  or  12  inch  sweep  being 
used  on  both  sides  of  the  row.  After  this  the  corn  is  thinned  to  about 
16  inches  in  the  drill.  Up  to  this  time  the  system  of  culture  has  been 
quite  regular,  but  here  the  distinctive  feature  of  retarding  the  stalk 
is  introduced.  The  crop  is  not  cultivated  again  until  the  stalks  have 
been  so  retarded  and  hardened  that  they  will  not  grow  too  large.  The 
richer  the  land  the  greater  the  thoroughness  required  in  the  retard- 
ing process.  Experience  and  judgment  are  necessary  to  decide  when 
the  com  has  been  sufficiently  held  back  and  the  work  of  assisting  the 
plant  in  developing  the  ear  should  begin.  At  this  period  the  com  is 
from  12  to  18  inches  high.  The  first  fertilizer  application  is  now 
made  by  putting  half  of  the  mixed  fertilizer,  consisting  of  200  pounds 
of  cotton-seed  meal,  200  pounds  of  acid  phosphate,  and  400  pounds 
of  kainit  per  acre,  in  the  old  sweep  furrow  on  both  sides  of  alternate 
middles  and  covering  the  same  by  breaking  out  this  middle  with  the 
turn  plow.  About  a  week  later  the  other  middles  are  treated  in  the 
same  way.  After  a  few  days  the  corn  is  sided  in  the  first  middles 
with  a  16-inch  sweep  and  nitrate  of  soda  put  in  this  furrow  and  cov- 
ered with  one  furrow  of  the  turn  plow.  Peas  are  then  sown  broad- 
cast at  the  rate  of  at  least  1  bushel  per  acre  in  this  middle  and  the 
work  finished  by  breaking  out.  Several  days  later  the  other  middles 
are  given  exactly  the  same  treatment.  If  the  application  of  nitrate 
of  soda  exceeds  150  pounds  per  acre,  one-half  the  quantity  is  applied 
in  the  first  and  the  other  half  in  the  second  middles,  otherwise  the 
entire  application  is  made  in  the  first  middles.  In  Darlington 
County,  S.  C,  where  Mr.  Williamson  is  practicing  this  method,  this 
final  application  of  nitrate  of  soda  is  made  during  an  average  season 
from  June  10  to  20,  and  the  last  plowing  is  also  done  at  this  time. 

The  peculirci  or  essential  features  of  the  Williamson  method  are 
summarized  as  follows :  Deep  and  thorough  preparation  of  seed  bed, 
deep  planting,  infrequent  and  partial  cultivation  in  the  early  stages 
of  growth,  an  increase  of  200  per  cent  or  more  in  the  number  of  stalks 
per  acre,  postponing  the  application  of  fertilizers  until  the  com  is 
given  its  second  cultivation,  intentional  retardation  of  the  early 
growth  of  the  stalk  until  its  size  is  reduced  one-half  or  one-fourth  of 
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its  normal  development,  and  following  this  an  augmented  d< 
ment  of  the  yield  by  cultivation  and  heavy  applications  of  fer 
made  at  appropriate  intervals.  It  is  believed  that  since  the  • 
planted  4  to  6  inches  below  the  level  and  is  laid  by  4  to  6  inches 
the  level,  the  brace  roots,  being  below  the  surface,  are  probablj 
able  to  perform  their  nutritive  functions  than  if  a  part  of  thei 
exposed  to  the  air.  The  application  of  fertilizers  given  above 
ommended  for  a  50-bushel  crop,  and  it  is  suggested  that  for  a  < 
100  bushels  per  acre  the  quantities  should  be  doubled. 

The  Alabama  Station  made  a  comparison  of  the  Williams 
the  ordinary  methods  of  corn  culture  in  1906,  and  the  bulletin 
ing  the  results  enumerates  the  distinctive  features  of  the  Will 
method  as  follows:  Dwarfing  the  com  plant  by  withholdir 
tilizers  until  the  plant  is  several  feet  high  and  by  omitting  all  c 
tion  from  the  time  the  plant  is  about  8  inches  high  until  it  h 
18  inches  high,  thick  planting  in  the  row,  the  use  of  the  turn  j 
the  last  cultivations,  and  planting  on  land  enriched  by  plowing 
the  entire  growth  of  cowpeas.  The  comparative  test  was  m 
two  plats  of  poor  gray  sandy  upland  soil  prepared  and  fei 
alike.  On  both  plats  a  fair  growth  of  velvet  beans  was  plowed 
in  February.  The  rows  were  laid  off  6  feet  apart  and  bedd< 
the  water  furrows  thus  formed  being  subsoiled  with  the  Dix: 
plow  with  wing  removed.  A  slight  list  was  then  formed  in  the 
furrow  with  the  same  plow.  This  list  was  opened  and  th 
planted  on  April  19,  not  as  early  as  recommended  by  Mr.  Willi 
An  application  of  200  pounds  of  cotton-seed  meal,  200  pounds  > 
phosphate,  and  400  pounds  of  kainit  per  acre  was  made  June  i 
a  further  application  of  200  pounds  of  nitrate  of  soda  in  side  f 
was  made  July  7,  when  the  crop  was  cultivated  with  scoot 
scrape  and  cowpeas  were  sown  and  plowed  in. 

The  details  of  cultivation  on  the  two  plats  were  identical 
in  the  later  hoeing,  thicker  planting,  omission  of  two  early  c 
tions,  and  the  use  of  the  turn  plow  in  laying  by  on  the  Will 
plat.  After  planting  the  middles  were  cultivated  shallow  o 
plats.  Nothing  further  was  done  on  the  Williamson  plat  unti 
21,  when  it  was  hoed  and  thinned  to  one  plant  every  16  inches, 
ing  this  time  the  check  plat  was  given  two  cultivator  trips  p 
May  21,  a  hoeing  and  thinning  to  one  plant  every  33  inches  t 
and  cultivation  with  scooter  and  scrape,  five  furrows  per  row, , 
The  cultivation  of  the  middles  was  finished  June  23  with  the 
turn  plow  on  the  Williamson  plat  and  with  scooter  and  scrape 
check  plat. 

The  thicker  planting  and  the  omission  of  cultivation  betwc 
early  part  of  May  and  June  23  dwarfed  the  plants  on  the  Will 
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plat.  TVie  yield  of  shelled  corn  on  the  Williamson  plat  was  30.5 
bushels  per  acre  and  on  the  check  plat  29.5  bushels.  On  the  William- 
son plat  each  plant  averaged  0.346  of  a  pound  of  shelled  corn  and  on 
the  check  plat  0.667  of  a  pound.  The  average  weight  of  shucked  ear 
or  nubbin  on  the  check  plat  was  0.54  of  a  pound  as  compared  with 
0.45  of  a  pound  on  the  Williamson  plat.  The  average  height  from 
the  ground  to  the  joint  from  which  the  lower  ear  grew  was  44^ 
inches  on  the  check  plat  and  36J  inches  on  the  Williamson  plat.  The 
ordinary  method  of  culture  showed  14  per  cent  of  broken-over  plants 
and  the  Williamson  method  29  per  cent. 

At  no  time  during  the  growing  season  did  either  plat  suffer  for 
moisture.  The  cost  of  1,000  pounds  of  commercial  fertilizer  was 
$12.80  and  the  value  of  the  crop  at  70  cents  per  bushel  $21.35.  These 
results  were  not  profitable,  and  the  results  of  other  experiments  made 
by  the  station  in  various  localities  of  the  State  lead  to  the  belief  that 
the  proportion  of  kainit  in  the  Williamson  fertilizer  is  too  high.  It 
is  further  considered  an  open  question  whether  the  large  yields  ob- 
tained by  Mr.  Williamson  on  upland  in  South  Carolina  are  not  due 
more  to  the  frequent  plowing  under  of  a  crop  of  cowpeas,  to  the 
liberal  use  of  nitrogenous  fertilizers,  and  to  close  planting  than  to  the 
distinctive  features  of  his  method.  "  Our  previous  experiments  lead 
US  most  heartily  to  recommend  plowing  under  a  crop  of  cowpeas  or 
other  legumes  as  a  fertilizer  for  com,  or  the  liberal  ilse  of  nitroge- 
nous fertilizers,  and  in  many  cases  somewhat  thicker  planting  than 
is  customary,  but  a  single  year's  test  does  not  permit  us  to  recommend 
all  the  details  of  the  Williamson  method." 

CABBON  BISTTLFHID  FOR  KILLINO  SASSAFBAS  SPBOTTTS." 

Grubbing  is  a  laborious  and  expensive  operation,  as  all  know  who 
have  had  experience  with  this  means  of  ridding  land  of  sprouts  and 
small  growths  of  various  kinds.  This  is  especially  true  of  growths 
like  sassafras,  for  example,  having  extensive  root  systems  which  it  is 
almost  impossible  to  entirely  remove  from  the  soil  by  grubbing,  and 
which  consequently  send  up  new  sprouts  every  year,  making  grubbing 
a  perennial  task.  In  experiments  at  the  Arkansas  Experiment  Sta- 
tion on  methods  of  managing  and  caring  for  apple  orchards  E. 
Walker  found  that  a  great  deal  of  grubbing  was  necessary  to  keep  the 
orchard  free  from  sassafras  sprouts,  and  therefore  sought  to  find  a 
substitute  for  the  process.  Experiments  were  made  with  various 
substances,  including  coal  tar,  salt,  and  carbon  bisulphid. 

The  results  were  only  partially  successful  with  the  first  two  substances,  but 
entirely  satisfactory  with  the  carbon  bisulphid.     [The  carbon  bisulphid  was] 

a  Compiled  from  Arkansas  Sta.  Bui.  91,  p.  193. 
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mpplicd  to  the  lower  parts  of  the  stem  July  20.  On  the  sprouts  3  to  5  feet  tall  a 
teaspoonful  to  a  tablespoonful  was  used.  It  was  poured  down  the  stem,  begin- 
ning 6  inches  above  the  ground.  This  portion  of  the  stem  turned  brown  in  a  few 
days.  The  top  of  the  plant  was  brown  and  dead  in  a  short  time.  At  the  end 
of  the  month  several  were  dug  up  in  order  to  examine  the  root.  They  were  old 
roots  in  some  instances  which  had  been  cut  off  several  times  before.  The  roots 
treated  with  the  carbon  bisulphid  were  dead  to  the  end  of  the  roots  taken  out, 
the  heartwood  being  discolored. 

This  material  costs  10  to  20  cents  a  pint  It  would  be  more  expensive  to  use 
it  than  the  grubbing  hoe,  but  It  would  be  cheaper  in  the  end  for  the  scattering 
sprouts,  which  persist  in  pushing  up  in  spite  of  the  grubbing  hoe. 

While  experiments  were  made,  only  with  sassafras  sprouts,  there 
is  good  reason  to  believe  that  the  carbon  bisulphid  would  prove  effec- 
tive in  destroying  other  kinds  of  sprouts. 

In  using  the  carbon  bisulphid  it  should  be  borne  in  mind  that  both 
the  liquid  and  the  fumes  which  it  gives  off  freely  are  inflammable  and 
explosive  when  brought  in  contact  with  fire. 

SOLTTBLE  OILS  FOB  THE  GONTBOL  OF  SAN  J09t  SCALE.^ 

Within  the  past  two  or  three  years  several  of  the  experiment  sta- 
tions have  been  giving  some  attention  to  the  nature  and  value  of 
soluble  oils  as  insecticides  for  use  against  scale  insects.  Soluble  oils 
is  the  term  used  to  denote  compounds  of  petroleum  so  treated  as  to 
mix  readily  with  water.  As  suggested  by  Dr.  J.  B.  Smith,  of  the 
New  Jersey  Experiment  Station,  they  might,  therefore,  be  more 
properly  called  miscible  oils.  The  soluble  oils  thus  far  used  are 
proprietary  preparations  and  have  been  compared  with  mechanical 
mixtures  of  petroleum  and  water  and  also  with  lime  sulphur  and 
other  insecticides. 

The  chief  advantages  claimed  for  soluble  oils  are  ease  of  prepara- 
tion, great  spreading  and  penetrating  power,  and  absence  of  corrosive 
effects  upon  machinery  and  operators.  In  Virginia  one  of  these 
soluble  oil  preparations  was  tested  in  a  5  per  cent  solution.  At  this 
strength  it  seriously  injured  the  foliage  of  apple  trees  and  failed  to 
destroy  the  San  Jose  scale  in  a  satisfactory  manner.  The  prepara- 
tion ready  for  spraying  cost  from  13  to  15  cents  a  gallon,  as  compared 
with  1  cent  a  gallon  for  lime-sulphur  wash.  Similar  results  were 
obtained  by  Mr.  H.  A.  Gossard  at  the  Ohio  Experiment  Station.  In 
the  opinion  of  this  entomologist,  soluble  oils  will  probably  prove 
valuable  for  use  in  small  orchards  and  on  apple  trees  with  rough 
bark.  "  When  safety,  cost,  and  efficiency  are  all  considered,  we 
believe  lime  sulphur  is  the  best  remedy  for  the  orchardist  to  use." 

a  Compiled  from  New  Jersey  Stas.  Bui.  186;  New  York  State  Sta.  Bui.  281; 
Ohio  Sta.  Circ.  60 ;  Virginia  Sta.  Bui.  152. 
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Mr.  Gossard  feels  unable  to  recommend  the  soluble  oils  as  highly  as 
lime  sulphur  until  more  experiments  have  been  carried  on  with  the 
proprietary  comj)ounds. 

P.  J.  Parrott,  H.  E.  Hodgkiss,  and  F.  A.  Sirrine,  of  the  New  York 
State  Station,  report  the  results  of  experiments  which  showed  that 
miscible,  or  soluble,  oils  in  the  proportion  of  not  less  than  1  part  of 
oil  to  10  or  15  parts  of  water  destroyed  a  large  percentage  of  scale, 
but  were  not  quite  so  efficient  as  boiled  lime-sulphur  wash. 

They  call  attention  to  the  fact  that  "  the  miscible  oils  are  com- 
mercial insecticides  and  therefore  the  orchardist  should  understand 
that  the  reliability  of  the  stock  material  rests  with  the  compounder." 

These  sprays  are  simple  to  prepare  for  use,  and  are  convenient  preparations 
for  the  treatment  of  odd  trees  and  small  orchards.  The  cost  of  the  miscible 
oils  in  the  proportions  of  1  part  to  10  or  15  parts  of  water  makes  their  use 
almost  prohibitive  for  commercial  orchardists  who  desire  a  safe  and  compara- 
tively cheap  oil  spray. 

INDIAN  COBN  AS  A  FOOD  FOE  MAN.^" 

Indian  corn  and  the  products  made  from  it  constitute  a  very  im- 
portant part  of  the  available  food  supply  of  American  families, 
though  the  use  of  corn  is  by  no  means  limited  to  the  Western  Hemi- 
sphere. It  is  also  extensively  used  in  Italy,  the  Balkan  regions, 
China,  India,  South  Africa,  and  other  countries. 

Corn  meal  is  undoubtedly  the  principal  food  product  derived  from 
corn,  but  large  amounts  of  hominy,  hulled  corn,  corn  grits,  flaked 
corn,  and  various  parched  and  specially  prepared  breakfast  foods 
are  also  eaten.  Corn  starch  is  a  staple  food  product  and  com  flour  is 
used  to  some  extent.  Unripe  ears  are  extensively  used  as  a  vegetable 
and  canned  green  com  is  an  important  food  product.  In  earlier  times 
corn  was  dried  or  evaporated  for  winter  use  and  such  products  are 
still  used  in  a  limited  way.  Pop  corn  is  grown  in  large  quantities 
and  though  sometimes  used  as  a  breakfast  food,  in  the  preparation  of 
puddings,  etc.,  is  most  commonly  eaten  out  of  hand.  Corn  oil,  ex- 
pressed from  the  germ,  has  possibilities  as  a  food  product  and  corn 
sirup  or  glucose,  made  by  inverting  the  cornstarch,  is  much  used  as  a 
table  sirup,  in  the  manufacture  of  confectionery,  and  in  other  ways. 
An  infusion  of  parched  corn  makes  a  fairly  palatable  "  cereal  coffee," 
or  coffee  substitute. 

At  the  Maine  Agricultural  Experiment  Station  the  value  of  Indian 
corn  as  a  food  has  been  studied  for  some  time.  As  Prof.  L.  H.  Mer- 
rill points  out  in  a  recent  publication  on  the  subject,  the  excellence  of 
Indian  corn  as  a  food  seems  to  have  quickly  impressed  itself  upon  the 

aCk)mpiled  from  Maine  Sta.  Bui.  131. 
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early  settlers  and  from  the  first  this  grain  has  been  closely  identified 
with  the  history  of  the  American  colonists. 

Corn  is  a  native  of  the  Americas  and  has  been  cultivated  by  the 
aboriginal  inhabitants  of  the  New  World  for  many  centuries.  It 
was  the  principal  food  plant  raised  by  the  Indians,  though  beans, 
pumpkins,  and  some  other  crops  were  also  grown.  So  extensively  was 
corn  used  in  early  times  by  the  American  colonists  that  the  word  corn, 
which  formerly  signified  any  cereal  food  grain,  soon  lost  its  original 
significance  and  was  applied  exclusively  to  Indian  corn,  although  the 
wider  use  of  the  term  is  still  retained  in  Great  Britain.  In  South 
Africa  com  is  called  "  mealies." 

It  was  a  long  time  before  this  grain  ceased  to  be  the  most  important  of  our 
food  cereals ;  indeed,  it  is  scarcely  a  century  since  wheat  has  assumed  the  lead- 
ing place  to  which  its  superior  bread-making  qualities  entitle  it 

Although  Indian  corn  now  occupies  the  second  place  in  importance  among  the 
cereals  which  in  this  country  serve  as  food  for  man,  it  far  exceeds  wheat  in 
the  size  and  value  of  the  crop  produced.     ♦     ♦     ♦ 

In  1905  there  were  in  the  United  States  94,000,000  acres  in  corn,  and  the  crop 
attained  the  almost  incredible  size  of  2,707,993,540  bushels,  with  a  value  of 
$1,116,696,738.  In  the  same  year  47,854,079  acres  were  given  up  to  wheat,  and 
the  crop  was  692,979,489  bushels,  worth  $518,372,727.    ♦     •     * 

Of  course,  but  a  small  fraction  of  this  amount  is  utilized  as  human  food. 
There  are  no  reliable  statistics  to  show  how  much  Is  thus  consumed,  but  it  is 
doubtful  If  it  exceeds  1  bushel  In  50  of  the  total  crop.  Its  use  to-day  is  much 
more  general  in  the  South  than  in  New  EIngland,  where  for  the  most  part  it  is 
eaten  only  at  irregular  intervals  as  brown  bread,  johnnycake,  or  occasionally 
as  hominy.  The  colonists,  following  the  example  of  the  Indians,  ate  parched 
com,  either  entire  or  In  the  form  of  a  coarse  meal.     *     ♦     * 

Oth^  dishes  which  found  favor  with  the  colonists,  composed  wholly  or  in 
part  of  com,  were  hominy,  hasty  pudding,  johnnycake,  brown  bread,  pone,  samp, 
and  succotash,  the  last  consisting  of  green  corn  cooked  with  beans.  Although 
wheat  has  so  largely  replaced  com,  it  may  be  questioned  whether  we  can  not 
profitably  make  a  fuller  use  of  the  cereal  which  seemed  to  conduce  to  both  the 
physical  and  intellectual  vigor  of  our  forefathers. 

In  connection  with  the  investigations  at  the  Maine  Experiment 
Station,  corn  and  various  corn  products  were  analyzed  in  compari- 
son with  wheat  flour,  average  results  being  shown  in  the  table  which 
follows: 

Average  composition  of  com,  corn  products,  and  wheat  flour. 


Water. 

Protehi. 

Fat. 

Carbohydrates. 

Ash. 

Heat  of 
combus- 
tion, per 
pound. 

Crude 
fiber. 

Nitrogen 
extract 

Oora....".^-"^...^^ »T 

Percent. 
10.75 
10.96 
10.80 
11.60 
11.79 
7.77 
11.09 

Percent. 

10.00 
9.44 
7.60 
8.40 
8.60 
8.69 

11.37 

Percent. 
4.25 

.67 
4.20 
4.70 

.98 
1.92 
1.88 

Percent. 

1.76 

.87 

Percent. 
71.75 
78.24 

Percent. 

1.60 

.82 

1.20 

1.80 

.48 

.50 

.64 

Calories. 
1,796 

Hom^Tiy 

1,806 

Com  meal,  unbolted 

66.90 
74.00 

1,544 

Com  meal'  bolted 

1,728 

Granulated  meal 

.46 
.40 
.13 

77.79 
80.72 
75.44 

1,734 

Do 

1,825 

Wheat  flour 

1,771 
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The  com  meal  formerly  found  upon  the  market  consisted  merely  of  un- 
bolted ground  corn,  the  composition  of  which  was  practically  identical  with 
that  of  the  grain  from  which  it  was  prepared.  Such  meal  was  commonly  sifted 
l)efore  it  was  used,  the  bran  and  other  coarse  particles  being  thus  removed. 
While  such  meal  may  still  be  fbund  upon  the  marlset,  being  extensively  used 
as  food  for  stock,  that  used  as  a  food  for  man  is  generally  bolted  before  the 
meal  leaves  the  mill,  the  oifals  or  bran  being  sold  as  cattle  food.  Since  the 
fat  or  oil,  so  abundant  in  cors,  is  confined  largely  to  the  germ,  and  since  the 
oil  is  peculiarly  subject  to  changes  resulting  in  rancidity,  the  presence  of  the 
germ  is  prejudicial  to  the  keeping  qualities  of  the  meal.  This  has  led  to 
the  production  of  the  so-called  **  granulated  com  meal,"  obtained  by  the  use  of 
roller  mills.  Instead  of  reducing  the  kernel  to  the  desired  fineness  by  a  single 
operation,  it  is  first  cmshed  by  a  machine  known  as  a  "  degerminator,"  which 
so  loosens  the  germ  and  hull  that  they  may  be  removed  before  the  final  grind- 
ing. It  is  evident  that  the  composition  of  the  product  thus  obtained  will  differ 
in  several  very  Important  respects  from  that  previously  described,  being  poorer 
in  fat,  through  loss  of  the  germ,  and  also  poor  In  crude  fiber  or  woody  matter, 
which  is  found  for  the  most  part  in  the  rejected  outer  coating,  or  the  bran. 
These  differences  are  well  shown  in  the  above  table.  In  the  manufacture  of 
hominy  the  germ  is  also  removed,  with  marked  effect  upon  the  proportion  of 
fat  in  the  product.  It  will  be  noted  that  in  the  manufacture  of  both  hominy 
and  granulated  corn  meal  two-thirds  or  more  of  the  ash  constituents  are  re- 
moved. While  small  amounts  of  these  salts  play  a  very  important  part  in  the 
animal  economy,  there  is  reason  for  l)elievlng  that  the  most  of  our  foods  carry 
them  in  such  large  excess  that  the  removal  of  a  part  of  them  in  this  case  is 
no  cause  for  uneasiness. 

Using  the  corn  products  whose  composition  is  shown  in  the  above 
table,  the  digestibility  of  hominy,  hasty  pudding,  and  corn  bread  of 
different  sorts  was  studied  with  healthy  young  men  as  subjects. 

The  hasty  pudding  was  prepared  by  stirring  the  meal  Into  salted  water  and 
cooking  In  a  double  boiler.  In  both  johnnycake  and  brown  bread  equal  weights 
of  meal  and  flour  were  used.    ♦    ♦    ♦ 

The  brown  bread  was  steamed  in  tin  cans  made  for  the  purpose,  somewhat 
ctonical  in  form,  and  provided  with  covers.  Four  loaves  were  cooked  at  once, 
the  cans  being  Immersed  to  half  their  depth  in  boiling  water  in  a  large  pan  hav- 
ing a  perforated  false  bottom  and  a  cover  with  a  small  opening.     »     •     • 

Neither  fiour  nor  baking  powder  was  used  in  the  preparation  of  the  hoecake. 
The  hot  meal  was  stirred  with  boiling  water  until  a  thick  pudding  was  formed, 
which  was  then  spread  in  thin  sheets  upon  the  hot,  well-greased  iron  plates  and 
baked  at  once.     In  all  the  work  care  was  taken  to  insure  thorough  cooking. 

For  purposes  of  comparison,  digestion  experiments  were  also  made 
with  wheat-flour  bread.  The  special  foods  studied  were  eaten  with 
milk  and  sugar,  this  ration  being  termed  a  simple  diet,  and  as  a  part 
of  a  more  elaborate  "  mixed  ration,"  which  also  included  canned 
peaches  and  meat.  The  following  table  shows  the  average  coefficients 
of  digestibility  obtained  for  the  entire  rations  and  the.  calculated 
digestibility  for  the  special  food  products  alone. 
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Ooeffioients  of  digestibility  of  a  ration  containing  com  products  and  one  consist- 
ing of  com  products  alone. 


Kind  of  food. 


Hominy  in  simple  diet , 

Hominy  in  mixed  diet 

Huty  pudding  in  simple  diet. 
Hasty  padding  in  mixed  diet. 

Johnnycake  in  simple  diet. . . 
Johnnycake  in  mixed  diet. . . 

Brown  bread  in  simple  tiiet. . 
Brown  bread  in  mixed  diet. . 

Hoecake  in  simple  diet 

Hoecake  with  sirup , 

Hoecake  in  mixed  diet 

Wheat  bread  in  simple  diet. . , 
Wheat  bread  in  mixed  diet. . . 


Entire  ration. 


Protein. 


PercL 
89.2 
93.6 

89.2 
94.0 

94.9 
94.8 

94.7 
95.5 

98.9 
92.6 
94.6 

94.0 
96.1 


Car- 
bohy- 
drates. 


Heat  of 
com  bas- 
tion of 
digested 
mate- 
rial. 


Per  ct. 
99.0 
98.8 

99.0 
98.9 

96.7 
99.8 

98.7 
99.4 

98.7 
99.2 
98.8 

98.9 
99.0 


PercL. 
96.4 
96.3 

95.9 
96.9 

98.8 
98.9 

98.5 
92.9 

93.7 
95.5 
92.6 

94.0 
98.2 


Com  prodacts  alou?. 


Protein. 


PercL 
84.3 


98.2 
92.8 


88.9 
90.0 


89.8 


Car- 
bohy- 
drates. 


Perct. 
98.2 


98.9 
98.6 


98.6 
98.7 


98.9 


Heat  of 
combus- 
tion of 
digested 
mate- 
rial. 


Perct. 
94.4 


93.1 


93.5 
93.4 


98.8 
94.0 


94.0 


In  every  case  but  one  the  protein  of  the  mixed  diet  was  more  completely 
digested  than  that  of  the  simple  diet  The  low  digestibility  of  a  simple  diet 
has  been  often  noted  in  previous  experiments.  With  a  simple  diet  the  protein 
of  the  johnnycake  and  the  brown  bread  seems  to  have  been  slightly  more 
digestible  than  that  of  the  white  bread.  With  the  mixed  diet,  the  white  bread 
shows  a  digestibility  distinctly  greater  than  that  of  the  corn  breads. 

The  use  of  sirup  with  the  hoecake  to  a  slight  degree  depressed  the  digesti- 
bility of  the  protein.  This  is  in  accordance  with  other  experiments  in  which 
the  digestibility  of  the  protein  apparently  varied  with  the  ration  existing 
betwe^i  the  protein  and  the  other  nutrients.     ♦     ♦     ♦ 

The  use  of  large  amounts  of  butter,  pork,  or  other  fatty  foods  in  connection 
with  com  foods  is  to  be  deprecated,  since  the  difficulties  in  the  way  of  estab- 
lishing a  proper  balance  between  the  protein  and  other  nutrients  is  thus  in- 
creased. The  effect  of  sirup  in  depressing  the  digestibility  of  protein  has 
already  been  alluded  to.  Sugar  and  molasses  are  open  to  the  same  objection 
and  for  the  same  reason.  The  craving  for  these  food  acceasories  [in  such  large 
amounts]  is  an  example  of  the  fact  that  the  appetite  is  not  always  a  safe  guide. 

The  coarsely  milled  forms  In  which  com  Is  placed  upon  the  market  naturally 
call  for  more  prolonged  cooking,  not  only  to  break  down  the  starch  grains,  but 
to  rupture  the  walls  of  the  cells,  and  thus  expose  their  contents  to  the  action 
of  the  digestive  juices.  It  Is  probable  that  much  of  the  difficulty  occasionally 
experienced  in  digesting  corn  breads  might  be  avoided  by  a  careful  attention 
to  these  facts.  At  present  there  is  but  little  difference  to  the  consumer  In  the 
retail  cost  of  corn  meal  and  wheat  flour.  Both  are  among  the  cheapest  of  our 
foods.  The  question  of  economy  need  not  be  considered  In  choosing  between 
the  com  and  wheat  breads.  In  general  It  may  be  said  that  the  com  products 
are  more  digestible  than  is  commonly  supposed.  Not  only  their  digestibility, 
but  their  cheapness  and  the  readiness  with  which  they  may  be  converted 
into  palatable  foods  suggest  a  more  extended  use  and  entitle  them  to  a  much 
higher  place  in  the  popular  estimation. 
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Tb.«  characteristics  of  breakfast  foods  prepared  from  corn  anc 
the  composition  and  digestibility  of  such  materials  as  comparec 
with  breakfast  foods  made  from  other  grains  and  related  question; 
are  taken  up  in  a  Farmers'  Bulletin  of  this  Department,  entitlec 
"  Cereal  Breakfast  Foods."  « 

STORING  PRESERVES,  CANNED  FRUITS,  AND  CANNED  VEGE- 

TABLES.^ 

Mrs.  L.  H.  Adams  and  E.  P.  Sandsten,  at  the  Wisconsin  Experi 
ment  Station,  have  made  a  number  of  studies  of  home  methods  o: 
canning  and  preserving  fruits  and  vegetables  and  have  paid  especia 
attention  to  the  use  of  such  native  fruits  as  wild  plums  and  seedling 
apples.  In  connection  with  this  work,  considerable  attention  hai 
been  devoted  to  methods  of  handling  and  storing  the  canned  goods 
in  order  that  they  might  not  deteriorate  in  quality. 

It  appears  that  the  condition  of  the  fruit  when  preserved  has  i 
marked  effect  upon  the  keeping  quality  of  the  product. 

It  is  Important  that  the  fruit  Intended  for  canning  should  be  In  the  rlgh 
stage  of  ripeness.  This  stage  is  difficult  to  describe,  though  li;  general  th< 
fruit  should  be  firm,  having  attained  its  full  size  and  normal  color.  It  shoulc 
be  free  from  all  kinds  of  blemishes,  such  as  scab,  rust,  rot,  and  all  forms  o; 
insect  life.  Fruit  intended  for  canning  in  any  way  should  be  utilized  as  sooi 
as  possible  after  it  is  picked.  If  left  standing  for  hours,  even  if  the  fruit  U 
not  overripe,  the  fine  flavor  is  lost  and  the  keeping  qualities  greatly  impaired. 

In  selecting  fruit  for  canning  it  is  advisable  not  to  mix  the  diflPerent  varietie? 
together — for  example,  if  plum  preserves  are  made  each  lot  should  be  made 
from  a  distinct  variety  or  a  combination  of  flavor  will  be  the  result;  besides 
some  varieties  require  more  heat  than  others,  thus  giving  the  preserved  produci 
a  lack  of  uniformity  so  undesirable. 

Vegetables  intended  for  canning  and  pickling  should  be  picked  al 
a  suitable  stage  of  ripeness  and  should  be  of  uniform  size  and  quality 
For  instance,  in  canning  tomatoes  the  fruit  should  all  be  equally  rip( 
and  of  good  color,  yet  should  not  be  overripe.  Corn  for  canning 
should  not  be  too  tender  and  watery  and,  on  the  other  hand,  shoulc 
not  be  so  old  that  it  is  glazed  and  tough.  For  making  pickles  younj 
cucumbers  are  generally  considered  more  satisfactory  than  the  largei 
sizes. 

As  regards  the  question  of  storage,  the  bulletin  referred  to  says : 

The  keeping  qualities  of  preserved  fruits  and  vegetables  are  greatly  impairec 
by  being  stored  in  full  daylight.  This  is  especially  true  when  glass  jars  ar< 
used.  The  jelly  will  soon  become  cloudy  and  dark  when  thus  exposed.  Mar 
malade  and  other  preserves  are  apt  to  sour  and  become  moldy.  No  mattei 
how  well  the  fruit  has  been  put  up  and  how  carefully  sterilized  and  sealed 
slow  changes  in  the  preserve  will  take  place  which  sooner  or  later  work  theii 
destruction. 
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The  careful  lioii8eke^)er  will  keep  crlose  watch  oyer  her  preserved  fruits,  and 
if  indication  of  spoiling  appears  the  tops  should  be  removed  and  all  mold 
and  spoiled  fruit  removed  and  tops  again  replaced,  after  which  the  jars 
should  be  resterilized  by  placing  them  In  a  pan  of  cold  water,  with  cover  over, 
and  then  gradually  apply  heat  until  the  boiling  point  is  reached. 

There  are  a  number  of  excellent  makes  of  fruit  jars  on  the  market  The 
main  point  to  bear  in  mind  in  selecting  jars  is  that  the  tops  or  covers  fit 
tightly,  as  the  fruit  will  not  keep  in  leaky  jars.  Jars  with  large  mouths  or 
months  of  the  same  size  as  the  rest  of  the  jar  are  preferable  to  jars  with  small 
mouths,  as  it  is  much  easier  to  put  in  the  fruit  and  to  take  it  out  A  clear 
glass  jar  is  preferable  to  one  of  colored  glass,  as  one  can  watch  the  keeping 
qualities  of  the  preserves  much  better. 

Several  simple  devices  for  tightening  and  for  opening  cans  are 
now  on  the  market,  which  are  used  in  much  the  same  way  as  a  wrench 
is  used  for  tightening  or  loosening  bolts.  Such  devices  do  away  with 
the  difficulty  often  experienced  in  opening  glass  fruit  jars  with  metal 
tops. 

In  the  above  discussion  no  reference  has  been  made  to  the  use  of 
tin  cans  for  home  canning,  yet  they  are  often  used,  particularly  when 
some  one  of  the  home  canning  outfits  is  employed  to  sterilize  the 
fruits  or  vegetables.  The  use  of  an  inexpensive  canning  outfit  is 
described  in  an  earlier  bulletin  **  of  this  series. 

When  preserved  fruits  and  similar  goods  are  manufactured  on  a 
wholesale  scale,  tin  cans  are  more  commonly  used  in  the  United 
States  than  glass  or  earthen  jars,  though  many  manufacturers  put 
up  certain  special  grades  in  glass.  In  Europe  the  preference  is 
decidedly  in  favor  of  the  earthen  or  glass  jars.  A  recent  German 
publication  *  specifies  a  number  of  qualities  which  a  serviceable  pre- 
serve jar  for  commercial  use  should  possess.  The  jar  must  be  pro- 
vided with  a  simple  sealing  device  which  must  be  unobjectionable 
from  the  standpoint  of  hygiene  and  serviceable  from  the  manufac- 
turer's standpoint.  Whether  a  machine  should  be  required  for  seal- 
ing the  jars  or  whether  the  jar  is  self -sealing  is  of  secondary  impor- 
tance. A  method  of  sealing  jars  is  to  be  preferred  which  enables  one 
to  determine  whether  or  not  the  contents  of  the  jar  are  spoiled.  The 
jars  must  be  well  adapted  for  use  on  a  large  scale  and  must  be  rea- 
sonably cheap.  Little  stress  is  laid  by  the  manufacturers  on  the 
possibility  of  using  the  lars  again.  Indeed,  so  far  as  can  be  learned, 
American  manufacturers  do  not  collect  the  jars  or  bottles  for  use  a 
second  time.  The  cover  must  fit  in  such  a  way  that  after  the  can 
has  been  opened  it  will  still  protect  the  contents  from  dirt  and  con- 
tamination. The  jar  must  be  of  such  shape  and  made  of  such  grade 
of  glass  that  the  contents  present  a  pleasing  appearance  and  remain 

«  U.  8.  Dept  Agr.,  Farmers'  Bui.  259. 
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24,  25. 
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of  good  quality.     It  must  be  of  such  shape  that  it  can  be  packed  for 
shipping  purposes  with  a  minimum  waste  of  space. 

NATVKAL  AND  ABTTFICIAL  INCTTBATION  OF  CHICEENS.« 

Climate  must  always  be  an  important  factor  in  poultry  raising, 
and  it  is  self-evident  that  the  practice  which  is  successful  in  Maine 
or  Canada  may  well  be  different  from  that  suitable  for  Virginia, 
West  Virginia,  or  some  other  State  with  a  still  warmer  climate.  At 
the  Rhode  Island,  Utah,  West  Virginia,  and  other  experiment  stifc- 
tions  the  relative  value  of  natural  and  artificial  methods  for  hatching 
chickens  has  been  studied  with  a  view  to  developing  methods  which 
will  enable  the  poultry  raiser  to  hatch  chickens  in  large  numbers  un- 
der profitable  conditions.  The  Ontario  Agricultural  College  in  con- 
nection with  its  poultry  work  has  also  devoted  much  attention  to  the 
question  of  incubators  and  various  methods  concerned  with  natural 
and  artificial  methods  of  hatching  poultry. 

In  order  to  raise  chickens  successfully,  whether  by  natural  or  arti- 
ficial methods,  it  is  very  essential  to  secure  eggs  which  will  hatch 
well  and  produce  strong,  vigorous  chicks.  As  Stewart  and  Atwood, 
of  the  West  Virginia  Experiment  Station,  pointed  out — 

If  the  germs  are  naturally  weak  no  amount  of  attention  and  good  care  dur- 
ing the  incubation  of  the  eggs  and  the  brooding  of  the  chiclis  will  make  up  for 
the  original  lack  of  vigor.  In  spite  of  all  that  can  be  done  the  hatch  will  be 
poor,  if  the  germs  are  weak,  and  many  of  the  chicks  which  do  hatch  will  die. 
As  one  can  not  determine  by  an  examination  of  the  unincubated  egg  whether 
the  germ  is  strong  or  weak,  the  only  thing  that  can  be  done  in  practice  is  to 
select  the  breeding  stock  with  such  care  and  give  it  such  attention  that  eggs 
suitable  for  hatching  must  of  a  necessity  result 

Breeding  stock  should  be  mature.  The  first  eggs  laid  by  pullets  should  not  be 
used,  but  when  the  eggs  have  attained  their  normal  size  and  the  fowls  have 
reached  the  age  of  1  year  or  more  the  eggs  should  hatch  well,  provided  that  all 
of  the  other  conditions  which  influence  the  production  of  fertile  eggs  are 
favorable. 

The  fowls  should  be  fed  a  sufficient  amount  of  a  ration  containing 
the  proper  proportion  of  the  different  food  elements  required.  Green 
food,  grit,  pure  water,  pure  air,  and  the  opportunity  to  take  exercise 
are  all  important. 

That  chickens  may  be  raised  in  large  numbers  by  the  natural 
method  is  shown  by  the  tests  in  Rhode  Island  and  Massachusetts, 
particularly  in  the  former  State.  Where  this  method  is  followed  the 
chicks  are  hatched  largely  during  the  months  of  May  and  June,  and 
when  from  50  to  1,500  hens  are  kept  there  is  little  difficulty  in  secur- 

aCk)mpiled  from  Maine  Sta.  Bui.  100;  Rhode  Island  Sta.  Rpt  1903,  p.  269; 
West  Virginia  Sta.  Bui.  98;  U.  S.  Dept.  Agr.,  Bur.  Anim.  Indus.  Bui.  90;  Ontario 
Agr.  Col.  and  Expt  Farm  Bui.  151 ;  Ck>rheli  Countryman,  3  (1906),  No.  6,  p.  139. 
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ing  a  sufficient  number  of  broody  hens.  Many  of  those  who  are  keep- 
ing large  numbers  of  hens  seem  satisfied  with  the  natural  method  of 
incubation,  yet  there  is  little  doubt  that  the  number  of  incubators  in 
use  is  increasing  from  year  to  year. 

In  a  series  of  incubation  experiments  at  the  Rhode  Island  Station 
8,677  eggs  were  set  in  incubators.  Of  these,  86  per  cent  were  fertile, 
and  46  per  cent  of  the  fertile  eggs,  or  38.6  per  cent  of  the  total  num- 
ber of  eggs,  hatched,  the  efficiency  of  hatch  under  various  conditions 
of  management  ranging  from  0  to  84  per  cent. 

Whether  it  will  pay  to  use  incubators  and  brooders  for  hatching 
chickens  depends  very  largely  upon  circumstances.  Where  chickens 
are  wanted  earlier  than  April  15,  Prof.  W.  R.  Graham,  of  the  Ontario 
Agricultural  College,  considers  that  under  Canadian  conditions  an 
incubator  is  practically  a  necessity,  as  it  seldom  happens,  in  northern 
regions,  at  least,  that  any  considerable  number  of  hens  become  broody 
until  after  the  1st  of  April.  Again,  if  it  is  desired  to  hatch  more 
than  150  chicks,  an  incubator  is,  in  many  cases,  considered  cheaper 
and  better  than  the  natural  method,  and  is  a  necessity  when  non- 
setting  varieties  of  hens  are  kept. 

In  Professor  Graham's  opinion,  on  an  average  the  incubator  will 
hatch  as  large  a  percentage  of  eggs  as  the  hen,  though  there  is  little 
doubt  that  certain  hens  will  hatch  a  higher  percentage  than  the 
machine.  Tests  carried  on  at  the  Ontario  Agricultural  College  have 
shown  that  when  240  eggs  were  placed  in  an  incubator  and  the  same 
number  imder  20  hens  the  number  of  chicks  hatched  was  about  equal. 

The  average  hatch  is  probably  one  chicken  from  every  two  eggs  set.  This,  of 
course,  varies  with  the  different  seasons,  also  with  the  percentage  of  fertile 
eggs,  and  the  strength  of  the  germ.  We  have  found  during  the  months  of 
February  and  March,  when  the  ground  is  covered  with  snow  and  the  fowls  are 
closely  housed,  that  the  percentage  of  fertile  eggs  is  small,  and  that  the  germs 
are  very  weak.  Under  such  conditions  we  have  very  poor  hatches  and  chicks 
that  are  very  hard  to  rear.  Much  better  eggs  are  obtained  in  December  and 
early  January,  or  when  the  fowls  get  out  into  the  fresh  air  and  are  able  to  pick 
some  grass.  Thus  it  will  be  seen  that,  as  a  general  rule,  as  the  percentage  of 
fertile  eggs  increases,  the  vitality  of  the  germ  increases,  the  percentage  hatched 
is  larger  and  the  mortality  among  the  young  chicks  smaller.  For  example,  we 
would  expect  to  get  a  much  larger  percentage  hatch  of  the  fertile  eggs  from  eggs 
that  were  90  per  cent  fertile  than  from  those  that  were  60  per  cent  fertile ;  and, 
moreover,  we  would  figure  on  raising  a  much  larger  percentage  of  chicks  from 
the  former  eggs  than  from  the  latter,  owing  to  the  chicks  being  stronger  and 
having  greater  vitality. 

When  hens  are  used  to  hatch  the  eggs  it  is  generally  conceded  that 
in  order  to  secure  the  best  results  the  hen  must  be  placed  where  other 
poultry  will  not  disturb  her. 

As  a  rule,  we  seldom  get  good  hatches  where  other  hens  lay  in  the  nest  with 
the  sitter.  Some  farmers  do  not  set  a  hen  until  one  becomes  broody  on  a  nest 
where  no  others  lay,  which  often  necessitates  late  chicks.    The  difficulty  can  be 
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oYercome  by  making  a  new  nest  for  the  broody  hen.  Get  a  box  about  12  inches 
square  and  6  inches  deep ;  put  some  earth,  or  an  overturned  sod,  in  the  bottom, 
taking  care  to  have  the  comers  very  full  so  that  no  eggs  can  roll  out  from  the 
hen  and  get  chilled ;  next  put  on  about  2  inches  of  straw  or  chaff ;  and  then  put 
a  few  earthen  eggs  into  the  nest.  Place  the  nest  in  some  pen  where  nothing  can 
disturb  the  hen,  and  put  her  on  after  dark.  Feed  and  water  must  be  within 
easy  reach,  and  a  dust  bath  should  also  be  convenient.  If  the  hen  is  ♦  ♦  ♦ 
[on  the  nest  the  next  day  and  quiet],  you  will  be  safe  in  putting  the  eggs  imder 
her.  In  our  experience  we  get  90  per  cent  of  the  hens  to  sit  by  following  this 
method. 

It  should  be  remembered  that  the  hen  will  be  in  better  condition  if  dusted  with 
insect  powder  when  set,  and  also  a  few  days  before  the  hatch  comes  off.  This 
will  usually  keep  the  lice  in  check,  especially  if  some  tansy  or  mint  leaves  are 
used  in  making  the  nest. 

As  Professor  Graham  points  out,  little  definite  information  is 
available  regarding  the  management  of  incubators,  some  persons  suc- 
ceeding in  obtaining  large  hatches  while  others,  under  apparently 
the  same  conditions,  meet  with  failure.  The  real  reason  for  this 
variation  is  not  known.  "  This  much,  however,  can  be  said :  The 
machine  should  not  be  placed  in  a  direct  draft,  nor  yet  in  a  building 
where  there  is  a  lack  of  ventilation.  Fresh  air  is  one  of  the  most 
important  things  in  an  incubator  room.  *  *  *  Hardly  any  two 
people  agree  as  to  which  is  the  best  place  to  operate  the  machine," 
good  hatches  being  sometimes  obtained  in  cellars,  in  kitchens,  and  in 
other  rooms. 

As  a  general  rule  it  is  wise  to  follow  the  manufacturer's  directions 
in  managing  an  incubator.  The  Canadian  work  shows  "  that  diflferent 
makes  of  incubators  require  different  treatment,  both  as  to  tempera- 
ture and  otherwise,  and  we  generally  get  the  best  results  when  run- 
ning closely  to  the  directions.  Where  possible  the  temperature  in 
the  room  should  vary  but  little ;  for  if  it  varies  30°  to  40°  in  twenty- 
four  hours  it  is  very  hard  to  keep  an  even  temperature  in  the  machine, 
and  it  is  absurd  to  expect  that  the  machine  will  not  vary  with  such 
changes  in  the  surrounding  temperature." 

According  to  G.  M.  Gowell,  of  the  Maine  Experiment  Station — 

Incubators  have  been  so  much  improved  that  there  are  several  kinds  on  the 
market  that  will  hatch  as  many  chicks  from  a  given  lot  of  eggs  as  can  be  done 
by  selected  broody  hens.  They  require  little  care,  maintain  an  even  temperature, 
and  are  easily  adjusted  to  meet  the  Increase  in  temperature  arising  from  the 
developments  going  on  in  the  eggs.  In  some  machines  the  moisture  supply  is 
automatic  and  adapted  to  the  requirements ;  in  others  it  has  to  be  supplied,  and 
skill  is  necessary  in  determining  the  quantity  needed.  The  economy  of  the 
incubator  is  very  great  A  360-egg  machine  will  do  the  work  of  nearly  thirty 
broody  hens  and  can  be  kept  at  work  continually  if  desired. 

In  this  connection  it  is  interesting  to  consider  some  work  carried 
on  at  Cornell  Agricultural  College  to  determine  how  frequently  the 
sitting  hen  turns  her  eggs.  From  a  considerable  number  of  observa- 
tions it  appeared  that  in  every  instance  the  ^gs  were  moved  about 
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two  or  three  times  a  day  by  the  hen  and  did  not  remain  in  the  same 
part  of  the  nest  for  more  than  three  days.  "  The  thorough  manner 
in  which  the  hen  turns  the  eggs  may  well  furnish  us  a  clew  to  the 
most  natural  and  proper  treatment  of  the  eggs  when  under  the  arti- 
ficial conditions  of  the  incubator." 

Chickens  hatched  in  an  incubator  can  be  reared  either  with  hens 
or  with  a  brooder.  Professor  Graham  considers  the  use  of  broody 
hens  for  mothers  preferable. 

The  best  plan  to  get  the  broody  hens  to  take  the  chicks  Is  to  give  the  hen  two 
or  three  eggs  out  of  the  incubator  on  the  eighteenth  or  nineteenth  day  and  allow 
her  to  hatch  them.  When  your  incubator  hatch  Is  over  take  a  dozen  or  fifteen 
chickens  and  put  them  under  the  hen  after  dark.  Even  if  they  happen  to  differ 
in  color  from  those  she  has  hatched  she  will  mother  them  all  the  same.  If  you 
give  them  to  her  in  the  daytime,  she  may  not  do  so.  Never  neglect  to  give  the 
hen  a  thorough  dusting  before  giving  her  any  eggs.  If  there  is  one  thing  more 
than  another  that  requires  careful  attention  In  rearing  young  chickens,  it  is  to 
keep  them  free  from  lice.  If  lice  get  upon  them,  from  the  hen  or  elsewhere,  a 
large  proportion  of  them  will  be  almost  sure  to  die. 

At  the  Maine  Station  brooders  have  proved  very  satisfactory,  and 
indoor  brooders  are  preferred.  "  The  style  used  has  the  cover  and 
part  of  one  side  arranged  to  turn  down,  making  an  inclining  run 
the  whole  width  of  the  brooder,  up  and  down  which  the  little  chicks 
can  go  without  crowding. 

"  Most  kinds  of  brooders  as  now  made  keep  the  chicks  comfortable 
at  desired  temperatures  and  have  good  means  of  ventilation." 

"  In  brooding  chicks,"  as  Stewart  and  Atwood  point  out,  "  either 
in  individual  brooders  or  in  brooder  houses,-  the  main  thing  which 
must  be  watched  is  the  temperature,  for  if  the  temperature  is  either 
too  high  or  too  low  the  results  will  be  totally  unsatisfactory,  even 
though  all  of  the  other  conditions  governing  the  health  of  the  chicks 
are  ideal."    *     *     * 

The  temperature  of  the  brooder  or  brooder  house  when  the  chicks  are  first 
transferred  from  the  incubator  should  be  practically  as  high  as  the  temperature 
of  the  incubator  from  which  the  chicks  have  just  been  removed,  or  from  95°  to 
100**  F.  This  temperature  should  be  maiiitaiued  for  the  first  week,  never 
allowing  it  to  fall  below  95**.  The  second  week  the  temperature  should  not  be 
allowed  to  drop  lower  than  90**.  These  temperatures  refer  to  the  air  tempera- 
ture taken  on  a  level  with  the  chicks.  After  the  second  week  the  temperature 
should  be  reduced  gradually  until  the  chicks  are  old  enough  and  hardy  enough 
to  do  without  artificial  heat. 

Where  the  chicks  are  to  be  raised  on  a  large  scale  the  brooder  house  heated 
by  hot  water  pipes  is  the  most  economical,  for  in  this  case  there  is  only  one 
fire  to  attend,  and  the  work  of  feeding  and  watering  the  chicks  can  be  done  much 
easier  than  when  the  chicks  are  scattered  about  In  individual  brooders. 

The  Department  of  Agriculture  has  recently  published  a  Farmers' 
Bulletin  entitled  "  Incubation  and   Incubators,"  by  R.  H.  Wood,<» 

a  U.  S.  Dept  Agr.,  Farmers*  Bui.  236. 
281 


28 

which  summarizes  much  useful  information  regarding  incubator  con- 
struction, management,  and  related  questions. 

BABE-LOT  llETHOD  OF  BAISING  LAMBS  TO  AVOID  NODULE 

DISEASE.^ 

A  parasitic  worm  known  to  scientists  as  (Esophagostoma  colum- 
bianum  causes  the  appearance  of  nodules  in  the  intestines  of  sheep. 
This  worm  is  generally  distributed  throughout  the  United  States, 
and  becomes  a  serious  scourge  in  the  sheep  business,  especially  when 
conditions  are  favorable  for  the  infestation  of  young  lambs.  It  has 
been  shown  by  the  Louisiana  Experiment  Station  that  when  sheep 
infested  by  this  parasite  are  placed  on  clean  pasture  and  allowed  to 
renfain  for  some  time  the  pasture  becomes  contaminated  and  will 
cause  an  infestation  of  healthy  sheep  which  may  subsequently  gi'aze 
upon  it.  It  was  also  found  that  when  an  infested  pasture  was  plowed 
up  and  cultivated  for  one  season  danger  of  infestation  with  the  para- 
sitic worm  which  causes  nodule  disease  was  entirely  removed. 

This  indicates  a  successful  method  of  treating  infested  land.  On 
account  of  the  wide  distribution  of  this  parasite,  however,  and  the 
general  infestation  of  breeding  ewes,  it  was  desirable  to  find  a  method 
by  which  lambs  could  be  raised  from  these  ewes  without  becoming 
seriously  infested  with  the  parasite. 

In  order  to  accomplish  this  purpose  a  bare-lot  system  was  adopted. 
This  consists  simply  in  keeping  the  ewes  with  their  lambs  on  a  plat 
of  ground  from  which  all  grass  or  other  green  vegetation  has  been 
removed.  The  lambs,  therefore,  have  no  temptation  to  pick  up  any- 
thing from  the  ground  and  do  not  run  the  risk  of  infesting  them- 
selves with  the  nodule-producing  parasites  which  may  be  upon  the 
ground.  In  the  experiments  carried  on  at  the  Louisiana  Station  the 
ewes  were  fed  grain  once  a  day,  and  a  rack  was  provided  for  feeding 
green  forage  of  different  kinds.  All  green  forage  which  was  pulled 
out  of  the  rack  by  the  sheep  was  carefully  removed  from  the  feed  lot 
each  day.  Fresh  water  was  always  present  in  a  wooden  trough,  and 
the  feed  lot  was  leveled  so  as  to  prevent  the  accumulation  of  water  in 
pools  from  which  the  lambs  might  drink.  In  this  feed  lot  nine  ewes 
were  placed  with  six  lambs,  the  lambs  being  bom  in  February  and 
March.  At  the  end  of  June,  all  lambs  being  weaned,  the  ewes  were 
slaughtered  and  all  found  to  be  infested  with  the  parasitic  worms. 
The  lambs  were  slaughtered  and  carefully  examined  at  ages  varying 
from  88  to  155  days.  In  three  of  these  lambs  two  or  three  nodulas 
of  minute  size  were  found  in  the  intestines.  The  others  were  entirely 
free  from  nodules,  but  all  six  of  the  lambs  were  infested  to  a  greater 
or  less  extent  with  stomach  worms.     The  infestation  of  stomach 


a  CJompiled  from  Louisiana  Stas.  Buls.  79,  83,  89. 
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worms,  however,  was  not  sufficient  to  influence  perceptibly  the  devel- 
opment and  fattening  of  the  lambs.  It  is  difficult  to  understand 
how  infestation  with  stomach  worms  took  place.  The  bare-lot 
method  appears,  from  these  experiments,  to  give  promise  as  a  means 
of  raising  laAbs  for  market  at  an  early  age  from  mothers  infested 
with  the  nodule-producing  parasite  without  danger  of  serious  infesta- 
tion of  the  lambs.  It  is  recommended  that  in  addition  to  maintaining 
the  infested  ewes  with  their  lambs  in  a  bare  lot  the  lambs  should  be 
given  some  vermifuge  with  their  food,  or  at  least  common  salt,  to 
assist  in  the  removal  of  possible  stomach  worms. 

SOME  MILK  TERMS.0 

The  following  notes  are  offered  in  the  nature  of  explanations  of 
certain  terms  which,  though  very  frequently  heard  among  dairymen 
and  regularly  met  with  in  dairy  literature,  are  nevertheless  often 
used  inaccurately  and  sometimes  in  a  way  intentionally  misleading. 

The  many  terms,  such  as  aerated  milk,  filtered  milk,  etc.,  which  are 
everywhere  well  understood  are  not  included.  Other  terms,  such  as 
malted  milk  and  lacto  preparations,  are  omitted  because  they  apply 
to  manufactured  food  products  rather  than  to  forms  of  milk. 

Standard  milk. — The  variable  nature  of  milk  makes  it  impossible  to 
state  without  chemical  analysis  the  quantity  of  fat  or  other  con- 
stituents to  be  found  in  any  given  sample.  While  numerous  factors 
such  as  the  breed  of  cows  and  the  stage  of  lactation  affect  the  com- 
position of  the  milk,  the  variations,  nevertheless,  are  within  limits 
capable  of  being  defined  with  sufficient  accuracy  and  fairness  for 
practical  purposes.  Nearly  every  country  has  found  it  necessary  to 
establish  in  one  way  or  another  certain  minimum  requirements. 
Milk  to  be  considered  unadulterated  in  Great  Britain,  for  instance, 
must  contain  3.5  per  cent  of  milk  fat  and  8.5  per  cent  of  solid  matter 
other  than  fat.  In  this  country  the  requirements  vary  in  the  dif- 
ferent States.  In  matters  concerning  the  National  Government,  milk 
in  order  to  be  designated  standard  must  conform  to  the  following 
definition  proclaimed  by  the  Secretary  of  Agriculture : 

"  Milk  is  the  fresh,  clean,  lacteal  secretion  obtained  by  the  complete 
milking  of  one  or  more  healthy  cows,  properly  fed  and  kept,  exclud- 
ing that  obtained  within  fifteen  days  before  and  ten  days  after 
calving,  and  contains  not  less  than  eight  and  one-half  (8.5)  per  cent 
of  solids-not-fat,  and  not  less  than  three  and  one-quarter  (3.25)  per 
cent  of  milk  fat." 

Standard  milk  is  therefore  milk  which  conforms  to  certain  require- 

o  Compiled  from  various  sources  including  Alabama  Col.  Sta.  Bui.  97 ;  Illinois 
Sta.  Buls,  75,  92;  New  Hampshire  Sta.  Bui.  103;  Michigan  Sta.  Bui.  228;  U.  S. 
Dept  Agr.  Circ.  19. 
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ments.  These  are  commonly  but  not  always  of  a  chemical  nature. 
In  some  cities  bacteriological  standards  have  been  established.  These 
specify  usually  a  maximum  number  of  bacteria  per  cubic  centimeter 
allowable  in  milk  offered  for  sale. 

Standardized  milky  Blended  milk. — ^These  terms  are  allied  to  milk 
which  has  been  so  modified  as  to  contain  a  definite  amount  of  one  or 
more  of  its  constituents.  The  most  important  and  at  the  same  time 
the  most  variable  constituent  is  fat.  To  standardize  milk  as  regards 
fat  it  is  simply  necessary  to  add  or  remove  a  certain  amount  of  this 
constituent  or  to  add  or  remove  a  certain  amount  of  skim  milk.  De- 
tailed directions  for  this  purpose  are  given  in  Bulletin  75  of  the 
Illinois  Station.  To  cite  an  illustration  from  this  bulletin,  1,600 
pounds  of  milk  containing  3.2  per  cent  of  fat  may  be  standardized 
to  4  per  cent  of  fat  by  removing  320  pounds  of  skim  milk.  A  simple 
method  of  determining  the  amounts  of  skim  milk  and  whole  milk,  or 
of  milks  containing  different  percentages  of  fat  which  should  be 
mixed  in  order  to  secure  a  product  having  a  desired  fat  content  is 
given  by  Prof.  R.  A.  Pearson  in  a  reading-course  bulletin  of  C!ornell 
University. 

Draw  a  rectangle  and  write  at  the  two  left-hand  comers  the  percentages  of 
fat  in  the  fluids  to  be  mixed,  and  In  the  center  place  the  requh*ed  percentage. 
At  the  upper  right-hand  comer  put  the  number  which  represents  the  difference 
between  the  two  numbers  standing  in  line  with  It — 1.  e.,  the  number  In  the  center 
and  the  one  at  the  lower  left-hand  comer.  At  the  lower  right-hand  comer  put 
the  number  that  represents  the  difference  between  the  two  numbers  in  line  with 
it.  Now  let  the  upper  right-hand  number  refer  to  the  upper  left  and  the  lower 
right  hand  to  the  lower  left,  then  the  two  right-hand  numbers  show  the  relative 
quantities  of  the  fluids  represented  at  the  left-hand  comers  that  must  be  com- 
bined to  give  a  fluid  of  the  desired  standard  which  is  represented  in  the 
center.     •    •    • 

If  it  is  wanted  to  mix  the  milks  from  two  dairies  testing  4.9  per  cent  fat  and 
3.5  per  cent  fat  to  produce  a  4.6  per  cent  milk,  the  diagram  shows  tliese  milks 
must  be  mixed  In  the  proportion  of  1.1  to  0.3  or  11  to  3.    Thus : 


8.6 


If  we  have  120  pounds  of  the  4.9  per  cent  milk  we  must  mix  with  it  82.7 
pounds  of  3.5  per  cent  milk,  as  is  shown  by  this  proportion:  11:3:   :  120:32.7. 

Modified  milk,  Hnmanized  milk. — These  terms  are  applied  frequently 
to  cow's  milk  specially  prepared  for  infant  feeding.    The  most  im- 
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portant  diflference  between  cow's  milk  and  human  milk  lies  in  the 
proteids  or  nitrogenous  constituents  which  are  greater  in  amount 
in  cow's  milk.  By  allowing  cow's  milk  to  stand  for  several  hours,  tak- 
ing the  top  portion,  and  diluting  this  with  water  with  the  addition  of 
milk  sugar,  a  product  may  be  obtained  which  corresponds  in  per- 
centages of  fat,  proteids,  and  milk  sugar  to  human  milk.  The  modi- 
fications which  have  been  suggested  and  the  ways  of  making  them 
are  very  numerous. 

Certified  milk. — ^This  term,  though  registered  as  a  trade-mark  in 
1894,  is  now  quite  generally  used  with  reference  to  milk  produced 
and  handled  under  conditions  approved  by  some  responsible  organi- 
zation such  as  a  medical  society.  An  organization  of  this  kind  exer- 
cises supervision  over  the  health  of  the  cows,  the  cleanliness  of  the 
dairy,  the  health  of  employees,  the  chemical  composition  and  bacterial 
content  of  the  milk,  and  other  matters  having  a  bearing  upon  the 
wholesomeness  of  the  milk  and  furnishes  a  dairyman,  complying 
with  the  specified  requirements,  a  statement  certifying  to  the  purity 
of  his  product. 

Ouaranteed  milk. — The  term  "  guaranteed  "  is  often  applied  to  milk 
in  its  ordinary  sense.  It  merely  means  that  the  producer  agrees  to 
deliver  milk  of  a  certain  composition  or  quality,  and  it  should  carry 
weight  only  in  proportion  to  the  reliability  of  the  party  making  the 
guaranty. 

Sanitary  milk. — ^This  is  a  term  applied  somewhat  indefinitely  to 
milk  produced  and  handled  under  conditions  considered  necessary  to 
secure  a  pure,  wholesome  product.  It  is  often  applied  by  dealers,  for 
purposes  of  advertising,  to  milk  produced  under  decidedly  insanitary 
conditions.     The  term  "  hygienic  "  is  similarly  abused. 

Pasteurized  milk. — This  term  should  be  applied  only  to  milk  which 
has  been  heated  sufficiently  to  destroy  most  of  the  active  organisms 
present.  Bacteria  of  one  kind  or  another  are  invariably  present  in 
milk  obtained  under  ordinary  conditions.  Some  of  these  cause  sour- 
ing of  milk,  while  others  may  occasionally  be  disease-producing 
forms,  such  as  the  tubercle  bacillus.  Milk  may  be  heated  enough  to 
destroy  all  the  organisms  present,  but  when  this  is  done  it  has  ac- 
quired a  cooked  taste  which  is  more  or  less  undesirable.  To  avoid 
this  the  temperature  of  heating  should  not  exceed  185°  F.,  and  at  the 
same  time  to  secure  the  destruction  of  any  considerable  number  of 
the  organisms  present,  it  must  not  be  below  140°  F.  When  the 
higher  temperature  mentioned  is  used  the  period  of  heating  may  be 
very  short,  but  when  the  lower  temperature  is  employed  it  must  be 
prolonged  in  order  to  secure  the  same  results.  Pasteurization  there- 
fore merely  checks  fermentation.  It  does  not  destroy  all  of  the 
organisms  present.  It  should,  however,  destroy  all  disease-produc- 
ing organisms  likely  to  gain  access  to  milk. 
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Sterilized  milk. — ^This  is  milk  in  which  all  organisms  have  been  de- 
stroyed. It  is  not  always  accomplished  by  merely  boiling  the  milk 
unless  the  boiling  is  repeated  on  two  or  three  successive  days.  Higher 
temperatures  than  the  boiling  point  are  necessary  to  assure  steriliza- 
tion or  the  complete  destruction  of  all  organisms  at  one  application 
of  heat  of  fifteen  to  thirty  minutes'  duration.  Much  of  the  so-called 
sterilized  milk  is  by  no  means  free  of  living  organisms. 

Clarified  milk. — In  passing  through  a  centrifugal  separator  much 
of  the  solid  impurities  in  milk  remains  in  the  separator  slime.  A 
mixture  of  the  skim  milk  and  cream  so  obtained  is  often  referred  to 
as  clarified  milk. 

Carbonated  milk. — This  is  milk  put  up  in  bottles  and  charged  with 
carbon  dioxid  or  carbonic-acid  gas. 

Homogenized  milk. — This  is  milk  in  which  the  fat  globules  have 
been  broken  up  by  mechanical  means  into  very  fine  particles,  which 
show  no  tendency  to  rise  to  the  surface,  as  do  the  fat  globules  of  ordi- 
nary size.  In  accomplishing  this  purpose  the  milk  is  usually  forced 
through  capillary  tubes  and  against  a  resisting  surface.  The  force 
of  impact  causes  the  breaking  up  of  the  globules  and  thus  makes  a 
more  perfect  emulsion  out  of  the  milk.  The  process  is  protected  by 
patents  in  various  countries. 

Condensed  milk,  Evaporated  milk. — ^This  is  defined  by  the  Secretary 
of  Agriculture  as  milk  from  which  a  considerable  portion  of  water 
has  been  evaporated  and  which  contains  not  less  than  28  per  cent  of 
milk  solids,  of  which  not  less  than  27.5  per  cent  is  milk  fat.  The 
sweetened  product  contains  varying  percentages  of  added  sugar. 

Desiccated  milk. — This  product,  which  is  usually  referred  to  in 
this  country  as  milk  powder,  is  prepared  from  whole  or  skim  milk 
by  patented  processes. 
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INTEODUCTION. 

The  culture  of  celery  on  an  extensive  scale  is  limited  to  compara- 
tively recent  years.  Many  persons  can  now  recall  the  time  when 
celery  was  considered  a  novelty  and  when  it  was  used  only  for 
garnishing  and  for  flavoring  purposes.  Celery  has  now  become 
one  of  the  common  garden  crops,  and  the  commercial  demand  for 
it  has  so  increased  that  the  product  in  the  United  States  is  reckoned 
by  hundreds  of  carloads.  Celery  is  no  longer  classed  as  an  expensive 
luxury,  but  as  a  wholesome  and  palatable  addition  to  the  fare  of  the 
people  generally. 

Botany  of  the  celery  plant. — The  many  cultivated  varieties  now  in  use 
have  been  derived  from  the  wild  celery,  which  is  a  native  of  the 
marshes  of  southern  England  and  many  parts  of  the  Eastern  Conti- 
nent. This  wild  celery  was  for  a  long  time  considered  poisonous,  a 
very  natural  supposition,  as  it  belongs  to  the  same  family  of  plants 
as  Cicuta  and  poison  hemlock. 

The  Latin  or  scientific  name  of  celery  is  Apium  grareolens^  and  it 
l)elongs  to  the  Apiacea^,  a  family  of  i)lants  formerly  known  as  Um- 
l)elliferae.  It  is  a  biennial,  producing  its  seed  the  second  season, 
after  which  the  plants  die.  Occasionally  a  plant  will  throw  up  a 
flower  stalk  and  produce  seed  the  first  season,  but  this  occurs  only 
in  cases  where  the  growth  of  the  plant  has  received  a  severe  check 
or  the  vitality  of  the  seed  was  low.  As  ordinarily  grown,  the  celery 
plant  has  no  true  stem,  the  first  season  being  spent  in  the  production 
of  plant  food,  which  is  stored  up  in  the  root,  and  in  the  enlarged 
succulent  basal  leaves.  It  is  the  stalks,  or  stems,  of  these  leaves  which, 
when  blanched,  form  the  edible  part.  The  seeds  of  celery,  also,  are 
very  largely  used  for  flavoring  salads,  soups,  and  a  variety  of  dishes. 
The  fleshy  root  of  the  celery  plant  is  used  in  soups;  it  is  also  pre- 
pared as  a  separate  dish,  being  cut  in  small  pieces,  boiled  until  tender, 
and  then  served  like  asparagus  with  a  dressing  of  cream. 
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There  is  a  special  turnip-rooted  form  of  celery,  known  as  celeriac, 
which  produces  a  large  root  and  very  small  leaf  steams.  This  is 
more  suitable  for  cooking  than  the  common  celery,  although  the 
edible  portion  of  the  latter  makes  a  very  palatable  dish  when  stewed 
in  butter,  with  salt  and  pepper  to  taste.  The  principal  value  of 
celery,  however,  lies  in  its  excellence  of  flavor  and  other  desirable 
qualities  when  well  blanched  and  served  in  the  raw  state. 

While  celery  may  not  possess  much  actual  food  value,  it  is  very 
attractive,  and  its  use  is  an  important  one  from  the  fact  that  it  fur- 
nishes an  essential  vegetable  ingredient  of  a  well-regulated  diet. 
Coming  as  it  does  at  a  time  of  the  3^ear  when  large  quantities  of  meat 
are  consumed  and  green  foods  are  not  plentiful,  the  use  of  celery 
makes  other  foods  more  palatable  and  greatly  aids  digestion.  The 
taste  of  celery  is  at  first  unpleasant  to  some  persons,  but  a  liking  for 
it  is  usually  acquired  after  eating  it  a  few  times. 

Growth  of  the  celery  industry. — Celery  growing  on  a  commercial 
scale  in  this  country  received  special  attention  and  made  its  greatest 
progress  after  the  opening  and  draining  of  the  "  muck-bed. '^  areas  of 
the  Great  Lake  region.  In  Michigan,  Ohio,  and  New  York  several 
thousand  acres  of  celery  are  grown  annually.  In  California  and 
Florida  celery  growing  is  now  an  important  industry.  New  fields 
for  the  production  of  this  crop  are  developing  from  time  to  time,  and 
celery  is  now  found  in  the  market  throughout  almost  the  entire  year. 

Celery  growing  in  Florida  and  California  constitutes  a  different 
business  proposition  from  its  culture  in  the  Northern  and  Eastern 
States.  Maturing  as  it  does  in  those  warmer  climates  between  the 
middle  of  December  and  April,  the  crop  does  not  come  into  competi- 
tion with  that  of  the  northern  and  eastern  territory  to  any  extent, 
but  serves  to  lengthen  the  season  of  celery  consumption. 

It  has  not  been  found  profitable  in  most  localities  to  store  celery 
for  any  great  length  of  time,  it  being  more  satisfactory  to  load  it  into 
the  car  direct  from  the  field  and  place  it  upon  the  market  as  rapidly 
as  it  becomes  blanched.  The  Northern  and  Eastern  States  can  sup- 
ply all  that  is  wanted  in  a  commercial  way  from  early  June  until 
about  the  1st  of  January;  the  Florida  and  California  product  comes 
upon  the  market  about  the  last  week  in  December  and  continues  until 
March  or  April,  after  which  time  there  is  not  so  great  a  demand  for 
celery  until  the  northern  crop  again  comes  upon  the  market. 

Object  of  this  bulletin. — It  is  the  purpose  in  this  bulletin  to  deal  prin- 
cipally with  that  phase  of  the  celery  industry  consisting  of  its  pro- 
duction for  home  use  and  to  give  directions  for  growing  and  storing 
it  in  small  quantities.  It  has  also  been  found  advisable  to  include 
such  instructions  and  estimates  as  would  be  required  by  any  person 
wishing  to  begin  the  growing  of  celery  for  the  market. 
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No  argument  is  necessary  in  regard  to  the  desirability  of  having 
plenty  of  good,  crisp  celery  for  table  use.  The  experimental  stage  in 
celery  growing,  especially  as  to  the  determination  of  its  value,  has 
long  passed.  There  remains  but  one  problem,  that  of  securing  the 
supply,  and,  under  most  circumstances,  the  farmer  or  amateur  horti- 
culturist can  readily  devote  a  few  square  feet  of  rich  land  to  the 
growing  of  celery.  If  the  quantity  desired  is  small  and  there  is  a 
market  near  at  hand  where  celery  may  be  had  at  all  times  during  its 
season,  it  may  be  more  economical  to  purchase  the  supply,  but  the 
pleasure  of  obtaining  it  from  one's  own  garden  will  more  than  repay 
the  effort  required.  Celery  purchased  in  the  market  can  not  possibly 
be  as  crisp  and  tender  as  when  dug  at  home  and  served  on  the  table 
within  two  or  three  hours  without  having  been  handled  many  times 
and  exposed  for  sale  for  a  considerable  period. 

CLIMATIC  AND  SOIL  EEQUIEEMENTS  OF  CELEEY. 

Climatic  conditions  governing  the  production  of  celery. — Climatic  con- 
ditions have  an  important  bearing  upon  the  production  of  celery,  and 
the  United  States  is  naturally  divided  into  three  areas,  as  follows: 
(1)  The  northern  area,  within  which  celery  may  be  produced  during 
the  summer  months;  (2)  the  middle  area,  within  which  the  weather 
is  too  warm  and  the  atmosphere  too  moist  during  the  summer  and  too 
cold  in  winter  for  the  successful  commercial  production  of  celery, 
and  (3)  the  southern  area,  within  which  celery  may  be  grown  during 
the  winter  months.  These  areas  are  further  influenced  by  elevation, 
proximity  to  mountains,  direction  of  prevailing  winds,  and  rainfall. 
There  are,  however,  few  sections  in  this  country  where  it  would  be 
impracticable  to  grow  a  supply  of  celery  for  home  use.  The  ideal 
climatic  conditions  for  the  production  of  celery  are  bright  sunshine, 
pure  air,  cool  nights,  and  a  well-distributed  rainfall  of  about  8  inches 
during  the  growing  period  in  the  field  or  garden. 

Soils  suited  to  celery  growing. — In  the  production  of  celery  for  do- 
mestic use,  a  rich,  mellow,  sandy  loam  will  give  the  best  results. 
The  soil  of  the  seed  bed  should  contain  plenty  of  leaf  mold  and 
should  be  passed  through  a  sieve  having  not  less  than  six  meshes  to 
the  inch.  The  soil  of  the  transplanting  bed  need  not  be  sifted  so 
fine,  and  some  well-rotted  barnyard  manure  should  replace  a  part  of 
the  leaf  mold ;  in  other  respects  it  should  be  the  same  as  that  of  the 
seed  bed. 

Any  fertile,  well-drained  soil  will  grow  celery,  but  a  loose,  sandy 
loam  is  preferable.  In  the  regions  where  peat  bogs  or  muck  soils 
abound,  the  crop  may  be  more  easily  produced  on  these  than  on  any 
other  soil,  but  the  keeping  qualities  are  not  so  good  and  the  flavor  is 
never  equal  to  that  of  celery  grown  on  sandy  loam,  or  even  on  clay 
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soils.  If  nothing  but  clay  soil  is  available,  it  may  be  made  to  pro- 
duce good  celery  by  the  liberal  application  of  well-rotted  barnyard 
manure.  On  clay  soils  there  is  likely  to  be  injury  caused  by  the  soil 
becoming  washed  into  the  hearts  of  the  plants  while  they  are  yet 
small. 

Where  celery  is  grown  for  market,  even  on  a  small  scale,  attention 
should  be  given  to  the  maintenance  of  humus  in  the  soil.  This  may 
be  accomplished  either  by  the  application  of  large  quantities  of  barn- 
yard manure  or  by  planting  the  land  every  third  or  fourth  year  to 
some  leguminous  crop,  such  as  clover,  cowpeas,  beans,  peas,  or  soy 
beans.  Celery  growing  not  only  exhausts  the  chemical  fertility  of 
the  soil,  but  also  injures  its  physical  condition,  after  a  time  rendering 
it  unfit  for  this  purpose.  Any  of  the  above-mentioned  crops  will 
tend  to  restore  the  soil  to  its  proper  condition. 

FEBTILIZEES. 

Barnyard  manure. — For  the  production  of  the  home  supply  of  celery 
there  is  no  fertilizer  that  is  so  satisfactory  as  well-rotted  barnyard 
manure.  Barnyard  or  stable  manure  not  only  furnishes  plant  food 
for  growing  the  crop,  but  improves  the  mechanical  condition  of  the 
soil  by  the  addition  of  humus.  The  action  of  barnyard  manure  is 
rather  slow,  and  it  is  frequently  desirable  to  supplement  the  manure 
by  an  application  of  commercial  fertilizers.  In  many  localities  the 
supply  of  manure  is  limited,  and  it  may  be  necessary  to  depend  al- 
most entirely  upon  commercial  fertilizers.  If  fresh  stable  manure 
is  used,  it  should  be  plowed  under  in  the  autumn.  If  the  manure  is 
well  rotted,  it  may  be  plowed  under  early  in  the  spring  or  used  as  a 
top-dressing  a  short  time  before  planting.  If  the  manure  is  plowed 
under,  the  land  should  be  replowed  a  short  time  before  planting  in 
order  to  bring  the  manure  to  the  surface.  From  10  to  20  tons  of 
manure  to  the  acre  should  be  applied  each  year  that  the  land  is 
planted  to  celery. 

Lime  and  salt. — The  application  of  lime  will  improve  most  soils. 
Following  the  use  of  stable  manure  an  application  of  1,000  pounds 
of  ground  quicklime  as  a  top  dressing  will  be  beneficial.  Soils  that 
are  liable  to  leach  during  the  winter  can  be  held  by  planting  to  rye 
and  the  crop  turned  under  quite  early  in  the  spring.  If  this  method 
is  followed,  the  lime  can  be  applied  by  means  of  the  fertilizer  attach- 
ment of  a  grain  drill  at  the  time  the  rye  is  sown.  When  applied  to 
clay  soils  the  lime  has  a  tendency  to  lighten  them,  and  sandy  soils 
are  rendered  more  retentive  of  moisture  by  the  addition  of  lime. 

An  application  of  500  to  800  pounds  of  common  salt  to  the  acre  is 
considered  desirable  by  some  growers.  Celery  will  take  up  a  limited 
quantity  of  salt,  and  its  flavor  is  improved  thereby. 
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Commercial  fertilizers. — One  to  2  tons  of  high-grade  fertilizer  to 
the  acre  may  be  profitably  applied  on  most  soils  in  addition  to  the 
stable  manure  and  lime.  As  a  rule,  the  quick-acting  fertilizers  are 
used,  and  a  mixture  suitable  for  growing  celery  should  contain  about 
6  per  cent  of  nitrogen,  5  per  cent  of  available  phosphoric  acid,  and 
10  per  cent  of  potash.  An  excellent  plan  is  to  drill  a  part  of  the 
fertilizer  into  the  land  by  means  of  the  fertilizer  attachment  of  a 
grain  drill,  and  then  scatter  the  remainder  in  the  rows  and  work  it 
into  the  soil  by  means  of  a  harrow  or  cultivator.  In  the  preparation 
of  the  rows  for  growing  the  home  supply  of  celery,  it  will  be  sufficient 
to  apply  between  2  and  3  quarts  of  high-grade  fertilizer  to  every  rod 
of  row  to  be  planted,  working  the  fertilizer  into  a  strip  of  soil  12  to 
18  inches  in  width.  After  the  celery  plants  have  become  well  estab- 
lished their  growth  may  be  hastened  by  making  frequent  light  appli- 
cations of  nitrate  of  soda  to  the  surface  of  the  soil  before  cultivation. 

PEEPAEATION  OF  THE  SOU. 

Time  and  method  of  plowing. — As  a  rule  the  land  should  be  plowed 
several  weeks  before  planting.  At  the  North  it  is  desirable  to  plow 
the  celery  land  in  the  autumn  and  allow  the  soil  to  lie  exposed  to 
the  action  of  frost  during  the  winter.  At  the  South  it  will  be  neces- 
sary to  plow  but  a  short  time  before  planting.  The  plowing  should 
be  very  thorough,  and  in  most  cases  with  a  somewhat  heavier  plow 
than  that  generally  used  for  other  crops. 

Smoothing  and  pulverizing. — A  few  days  before  the  land  is  required 
for  planting,  the  surface  should  be  cut  with  a  disk  or  cutting  harrow, 
followed  by  such  tools  as  are  necessary  to  pulverize  the  soil  to  a 
depth  of  5  or  6  inches.  Just  before  planting,  the  land  should  either 
be  rolled  or  gone  over  with  a  float,  or  drag,  made  by  nailing  together 
planks  or  scantlings,  in  order  to  secure  an  even  surface  for  planting. 

Application  of  fertilizers. — Commercial  fertilizers  should  be  applied 
while  fitting  the  land  for  planting  and  should  be  well  mixed  with 
the  surface  soil.  An  ordinary  grain  drill  with  a  fertilizer  attach- 
ment will  sow  fertilizer  at  the  rate  of  about  1,000  pounds  to  the 
acre  and  will  be  very  satisfactory  for  this  purpose.  There  are  a 
number  of  fertilizer  distributers  designed  for  applying  the  fertilizer 
in  the  row,  and  some  of  these  are  provided  w^ith  cultivator  shovels 
for  mixing  the  materials  with  the  soil. 

Marking  rows  for  planting. — The  rows  in  which  the  celery  plants 
are  to  be  set  should  not  be  marked  until  a  short  time  before  plant- 
ing, in  order  that  the  soil  may  remain  fresh.  A  marking  device 
similar  to  the  ordinary  corn  marker  may  be  used,  but  some  form  of 
roller  with  a  nimiber  of  projecting  pegs  to  form  holes  in  which  to  set 
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the  plants  is  desirable.  A  device  of  this  character  can  be  constructed 
by  replacing  the  wheel  of  an  ordinary  wheelbarrow  with  a  roller 
having  a  series  of  pegs. 

SEED  SOWING  AND  PLANT  PEODXJCTION. 

Selection  of  seed. — ^The  first  and  most  important  consideration  when 
preparing  to  grow  a  crop  of  celery  is  the  securing  of  good  seed,  not 
merely  seed  of  which  a  large  percentage  will  germinate,  but  that  hav- 
ing strength  and  vigor  sufficient  to  give  the  seedling  a  good  start.  As 
the  seeds  of  celery  are  very  small,  it  is  necessary  that  only  a  small 
percentage  of  the  number  usually  sown  should  actually  grow  in 
order  to  secure  an  abundance  of  plants;  but  as  low  germination  and 
the  necessary  vigor  are  seldom  both  to  be  found  in  the  same  packet  of 
seed  that  seed  which  has  a  high  percentage  of  germination  is  prefer- 
able. Celery  seed,  like  that  of  parsley,  carrot,  and  parsnip,  loses  its 
vitality  very  quickly  and  is  practically  worthless  when  kept  over  imtil 


Fig.  1. — Flat,  or  tray,  for  early  sowing  or  for  transplanting,  with  marker  for  making  holes 
In  the  soil  Into  which  the  fieedlings  are  set. 

the  second  year.  In  addition  to  the  above  qualities,  the  seed  should 
be  from  selected  stock  and  true  to  name.  Place  your  order  for  seed 
early,  before  the  supply  of  the  best  grade  is  exhausted,  and  there  will 
be  little  difficulty  in  getting  good  seed.  Purchase  from  a  seedsman 
who  expects  to  sell  to  you  again  the  following  year,  pay  the  highest 
price  if  necessary,  and  demand  the  best. 

Sowing  for  an  early  crop. — For  sowing  seed  during  the  early  part  of 
the  season,  the  plan  best  suited  to  the  I'equiiTments  of  the  farmer  or 
amateur  grower  of  celery  is  to  secure  a  wooden  flat  or  tray  (fig.  1), 
about  1()  bv  2-lr  inches  in  size  and  8  inches  deep,  with  several  small 
holes  in  the  bottom  for  di'ainage.  After  filling  with  sifted  soil,  as 
previously  mentioned  for  the  seed  bed,  level  it  off  even  with  the  top, 
and  either  shake  down  the  soil  or  press  it  down  by  means  of  a  board 
befoi-e  the  seeds  are  sown.  Either  sow  in  drills  2  inches  apart  or 
scatter  broadcast,  and  cover  the  seed  by  sprinkling  through  a  fine  sieve 
a  very  small  quantity  of  leaf  mold  or  sand.    This  tray  can  be  placed  in 
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the  window  of  a  moderately  warm  room  in  the  dwelling,  and  the  soil 
should  be  watered  by  sprinkling  very  lightly  as  often  as  necessary  to 
keep  the  surface  from  showing  dryness,  but  the  soil  should  not  be- 
come waterlogged.  The  seedlings  will  appear  in  from  two  to  three 
weeks,  after  which  the  tray  should  be  turned  around  once  each  day 
to  prevent  the  plants  "  drawing  "  toward  the  light.  If  early  plants 
are  needed  on  a  somewhat  larger  scale,  sow  the  seeds  in  like  manner 
in  a  hotbed  or  on  a  greenhouse  bench. 

Sowing  for  a  late  crop. — For  later  plants,  from  which  the  main  crop 
is  to  he  planted,  sow  the  seeds  in  a  cold  frame  or  in  the  open  ground. 
Several  methods  are  in  vogue  for  starting  celery  plants  in  the  open 
ground,  and  the  one  selected  should  depend  entirely  upon  the  scale 
on  which  the  crop  is  to  be  grown.  One  plan  is  to  sow  the  seed  broad- 
cast in  a  bed  about  3  feet  wide  and  of  any  desired  length,  from  which 
the  plants  may  be  transplanted  to  another  similar  bed,  and  again  to 
the  open  field,  or  they  may  be  thinned  and  allowed  to  remain  in  the 
seed  bed  until  it  is  time  to  set  them  in  the  open  ground  where  they 
are  to  mature.  Another  method  is  to  sow  in  drills  10  or  12  inches 
apart  and  cover  very  lightly  by  sifting  soil  or  by  passing  a  roller 
along  the  drill  after  the  seed  has  been  dropped.  When  the  seedlings 
are  well  started,  they  may  be  thinned  out  and  allowed  to  remain  until 
planted  in  the  field.  Plants  grown  in  this  manner  require  very  little 
attention,  as  they  can  be  worked  by  means  of  a  wheel  hoe  or  other 
hand  cultivator. 

The  method  now  in  use  by  most  large  growers  is  to  prepare  a  tract 
of  land  by  pulverizing  with  horse  tools  and  then  raking  by  hand, 
after  which  the  seed  is  sown  broadcast  by  means  of  a  wheelbarrow 
grass-seed  drill.  The  soil  is  sometimes  pressed  down  with  a  plank 
after  the  seeds  are  scattered,  but  some  growers  maintain  that  there  is 
a  decided  advantage  in  leaving  the  soil  slightly  uneven,  as  the  seeds 
fall  into  the  shaded  places  and  are  protected  from  the  direct  rays  of 
the  sun.  The  seed  will  become  sufficiently  covered  by  rains  or  by 
watering.  Should  more  than  20  per  cent  of  the  seed  usually  sown 
germinate,  it  is  necessary  to  thin  out  to  prevent  overcrowding,  with 
its  attendant  injury.  To  prevent  the  surface  of  the  soil  becoming  too 
dry,  it  may  be  necessary  to  partially  shade  the  young  plants  during 
the  warm  days  of  early  summer,  but  the  shading  should  never  be  so 
dense  as  to  cause  them  to  become  "  drawn." 

For  early  celery  throughout  the  Northern  States  a  planting  should 
be  made  in  the  house  during  January  or  February,  but  for  the  main 
crop  the  seed  may  be  sown  in  a  frame  or  hotbed  or  in  the  open 
ground  six  weeks  or  two  months  later.  In  the  latitude  of  Washing- 
ton, D.  C,  good  celery  can  be  grown  from  seed  sown  as  late  as  the 
middle  of  May,  and  to  the  southward  still  later. 
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TEANSPLANTING. 

In  case  the  grower  adopts  the  plan  of  transplanting  twice,  the  seed- 
lings will  be  ready  for  the  first  handling  in  from  four  to  six  weeks 
from  the  time  the  seed  is  sown.  The  seedlings  may  be  transplanted 
to  trays  (see  fig.  1)  or  to  beds  in  the  open  ground.  This  transplant- 
ing answers  two  purposes:  (1)  The  seedling  plant  of  celery  has  a 
straight  root,  or  taproot,  which  is  broken  in  transplanting,  causing  a  ' 
large  mass  of  fibrous  roots  to  be  formed.  In  the  case  of  a  plant  al- 
lowed to  remain  in  the  seed  bed  until  planting-out  time  this  taproot 
has  gone  far  down  into  the  soil  and  the  plant  has  formed  very  few 
side  roots;  consequently  it  suffers  a  great  shock  in  the  process  of 
planting  in  the  field,  and  a  large  number  of  plants  will  need  to  be 
replaced.     (2)  ^Mien  transplanting  twice  is  practiced  there  is  no 

necessity  for  thinning,  and  a  more  uniform 
lot  of  plants  is  obtained.  Figure  2  shows 
the  effect  of  transplanting,  the  two  plants 
being  from  the  same  seeding.  Two  hand- 
lings can  not  be  recommended  when  celery 
is  grown  on  a  large  scale,  as  the  cost  of 
labor  is  too  great.  It  is  better  to  have  a  sur- 
plus of  plants  and  to  renew  those  that  fail. 

WATEBING. 

Moisture  requirements  of  the  seed  bed. — 

When  the  seed  bed  is  prepared,  the  soil  of 
which  it  is  composed  should  contain  as 
much  moisture  as  possible  and  yet  be  in 
good  condition  to  handle.  After  sowing 
and  covering  the  seeds  the  bed  should  be 
sprinkled  lightly.  During  the  period  be- 
tween seeding  and  the  appearance  of  the  plants  the  bed  should  be 
watered  only  as  often  as  it  shows  indications  of  dryness;  however, 
the  surface  should  never  become  dry.  During  the  first  few  days  a 
moist  cloth  may  be  spread  over  the  surface  of  the  seed  bed  in  order 
to  conserve  the  moisture,  but  this  covering  should  be  removed  before 
the  seedlings  begin  to  appear.  After  the  plants  are  up,  care  should 
be  taken  not  to  water  too  heavily,  as  the  seedlings  are  liable  to  "  damp 
off; ''  but  the  ground  should  never  become  so  dry  as  to  check  their 
growth. 

Methods  of  securing  and  applying  water. — No  definite  rules  can  be 
given  for  the  application  of  water  to  a  growing  crop  of  celery,  as  the 
requirements  vary  with  the  character  of  the  soil,  atmospheric  condi- 
tions, and  temperature.  The  cost  of  application  should  determine 
largely  the  extent  to  which  water  should  be  used,  and  as  a  rule  it  is 
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not  profitable  to  give  more  than  three  waterings  during  the  growing 
season  in  addition  to  the  one  given  at  the  time  the  plants  are  set  in  the 
field.  When  celery  is  to  be  grown  on  a  large  scale  it  will  be  desir- 
able, where  a  natural  water  supply  can  not  be  brought  into  service,  to 
provide  pumping  machinery  and  to  give  the  soil  two  or  three  good 
soakings  during  the  season,  especially  in  the  absence  of  heavy  rains. 
Celery  requires  the  most  water  while  making  its  greatest  growth, 
which  occurs  late  in  the  summer.  As  the  crop  approaches  maturity 
the  water  should  be  applied  sparingly,  and  it  should  be  withheld  alto- 
gether for  some  time  before  blanching. 

Furrow,  or  open  ditch,  system. — Among  the  methods  of  applying  the 
water,  the  most  simple  and  usually  the  most  desirable  practice,  espe- 
cially where  the  surface  of  the  soil  is  even,  is  to  run  the  water  along 


Fig.  3. — Deluge  sprinklers  In  operation  ;  pump  house  shown  on  the  right. 

the  rows  by  means  of  small  furrows,  8  or  10  inches  distant  on  either 
side  of  the  row.  This  method  is  well  adapted  to  use  on  a  gentle  slope 
with  the  rows  running  up  and  down  the  incline. 

Sprinkler  systems. — Some  growers  have  adopted  what  is  known 
as  the  deluge-sprinkler  system.  By  this  method  lines  of  pipe  are 
laid  on  the  surface  IG  or  18  feet  apart,  having  upright  pipes  about 
3  feet  high  every  18  or  20  feet  along  their  length.  At  the  top  of  each 
upright  is  placed  a  distributer,  known  as  a  deluge  sprinkler,  which 
will  spread  the  water  very  evenly  over  the  entire  intervening  surface 
(fig.  3).  This  system  has  its  disadvantages,  as  it  is  costly  to  install; 
the  lines  of  pipes  are  in  the  way  of  cultivation,  and  must  be  removed 
at  the  end  of  each  season  and  replaced  at  the  beginning  of  the  follow- 
ing year ;  and  the  expense  of  pumping  is  considerable,  since  the  water 
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must  be  driven  through  the  pipes  under  a  pressure  of  at  least  60 
pounds,  to  the  square  inch  in  order  to  secure  the  best  results.  An  8  or 
10  hoi'sepower  pump,  with  a  4-inch  suction  and  a  3-inch  discharge, 
is  required  to  operate  16  of  these  sprinklers  at  one  time ;  but  these  will 
thoroughly  soak  an  area  of  about  20  square  rods  every  fifteen  minutes, 
or  1  acre  every  two  hours.  With  the  cost  of  fuel  for  a  ten-hour  day 
at  $5  and  the  wages  of  two  men  $3,  the  cost  for  the  running  expense  of 
watering  5  acres  is  $1.60  per  acre  for  each  watering. 

There  is  another  sprinkler  system  in  use  by  which  the  lines  of  pipe 
are  placed  at  intervals  of  50  feet  and  carried  upon  posts  8  or  10  feet 
above  ground.  Every  3  or  4  feet  along  one  side  of  this  pipe  there  are 
inserted  small  brass  nozzles  having  an  opening  of  about  one-eighth 
inch  diameter,  or  even  smaller.  At  one  end  the  pipe  is  connected  to 
the  main  supply  pipe  by  means  of  a  ground-joint  union,  which  per- 
mits its  being  turned  to  either  side.  As  a  rule,  the  pipe  is  passed 
through  round  holes  near  the  top  of  the  posts  and  must  turn  freely 
throughout  its  length.  In  use  the  pipe  is  first  turned  so  that  the 
streams  of  water  will  be  directed  to  one  side,  and  as  sufficient  water  is 
applied  the  direction  of  the  streams  is  changed  until  finally  the  ex- 
treme opposite  side 

J^^^^ — f — .. #_ — S -.  -# t.     is     reached.       The 

distance    to    which 
,^^^^  ■;     water    can    be    de- 

W^^^M^^^Z^^^^^k    tem  depends  largely 

Fig.  4.— Cross  section  of  soil,  showing  arrangement  of  tiles  for  sub-      upon  the  Water  pres- 
irrigation.  ^      , . 

sure  and  direction 
of  wind.  This  type  of  sprinkler  does  not  deliver  so  large  a  quan- 
tity of  water  in  a  given  time  as  the  deluge  system  previously 
described,  but  it  is  not  so  expensive  to  install  and  will  work  under  a 
lower  water  pressure.  It  also  has  the  advantage  that  the  pipes  are  not 
in  the  way  of  cultivation,  and  if  properly  graded  they  may  be  drained 
and  can  remain  in  position  during  the  winter  months. 

The  subirrigation  method  of  applying  water. — The  subirrigation 
method  consists  of  placing  perforated  pipes  or  lines  of  ordinary  farm 
drain  tiles  at  intervals,  preferably  corresponding  in  distance  to  the 
width  of  the  rows,  at  a  depth  of  8  or  10  inches  below  the  surface  of 
the  soil,  with  surface  openings  every  100  feet  or  so  to  admit  the  water, 
which  is  run  in  and  allowed  to  escape  at  the  holes  or  joints  of  the  tiles. 
The  system  works  fairly  well  where  there  is  an  impervious  subsoil, 
and  it  does  not  require  so  much  water  as  for  surface  irrigation;  but 
where  the  subsoil  is  porous  the  water  escapes  downward  and  is  lost, 
and  in  muck  or  sandy  soils  the  tiles  soon  become  filled  with  silt  or  the 
roots  of  plants  and  are  worthless.     Celery  does  best  under  cool  condi- 
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tions,  and  this  method  is  especially  advantageous  where  the  subsoil 
is  suitable  and  a  supply  of  cold  water  can  be  carried  to  the  system  by 
gravitation  or  drawn  from  a  tank  or  from  a  city  water  supply. 

A  cross  section  showing  the  arrangement  of  tiles  in  the  soil  is 
shown  in  figure  4. 

Growing  celery  without  irrigation. — For  a  home  supply  of  celery 
it  is  often  possible  to  select  a  rather  moist  but  well-drained  piece  of 
land  whereon  it  may  be  grown  without  artificial  watering.  In  this 
case  the  plants  should  be  set  while  the  atmosphere  is  filled  with 
moisture,  preferably  between  gentle  showers,  and  the  moisture  after- 
wards retained  in  the  soil  by  frequent  shallow  cultivation  or  by  the 
application  of  a  mulch  around  the  plants.  This  method  can  not  be 
followed  in  climates  where  irrigation  is  necessary  for  the  production 
of  crops,  but  is  applicable  in  regions  that  have  an  ordinary  rainfall 
during  the  growing  season. 

PLANTING  IN  THE  OPEN  GROXIND. 

Distances  to  plant. — For  domestic  use,  where  plenty  of  land  is  avail- 
able, it  will  be  found  most  economical  to  plant  in  single  or  double 
rows  4,  5,  or  6  feet  apart,  with  the  plants  5  or  6  inches  apart  in  the 
row.  If  the  space  is  limited,  solid  beds  about  5  feet  wide  will  be 
found  suitable,  with  the  plants  set  7  or  8  inches  apart  each  way. 
By  planting  in  rows  the  crop  may  be  worked  with  a  horse  cultivator 
or  a  wheel  hoe  and  the  banking  more  easily  done,  and  thus  the  cost  of 
production  is  lessened.  With  the  solid-bed  system  the  work  must  all 
be  done  by  hand. 

The  number  of  plants  required  to  set  1  acre  by  various  methods  of 
planting  is  shown  by  the  following  table  of  planting  distances: 


DiHtaocc  between  rows.  I  ^fween  I  Method  on,lanch- 

I   plants.  "'^• 


Lumber  l2"Sl^j;'« 


'  Jnr/iett.                                             '.    Sq.frrt.   i 

3  feet,  single 4  i  Boards 2\),(K)0  I  44.000 

4  feet,  double O  bv  6  ' do I      21,000  4I,0(K) 

5  feet,  single '  4     Earth ' 25, 000 

6  feet,  double '      6  by  «   do i 28,000 

Solid  l)eds,  one-half  of  land  occupied '      8  by  8  I  Seif-.shading I ■  49,000 


Directions  for  planting. — If  possible,  the  planting  should  be  done 
when  the  soil  is  rather  moist  and  the  atmosjiheric  conditions  suitable 
to  the  subsistence  of  the  plants  until  the  roots  can  again  furnish 
sufficient  moisture  to  supply  them.  The  bed  should  be  thoroughly 
watered  a  few  hours  before  the  plants  are  removed,  and  a  knife  or 
trowel  should  be  run  between  the  plants  so  that  they  may  be  lifted 
with  a  clump  of  earth  and  with  most  of  their  roots  attached. 
26314— No.  282—07  M 3 
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Mark  off  the  rows  with  a  wheel  hoe,  a  hand  hoe  and  line,  or  a 
marker.  Place  the  plants  in  a  shallow  tray  and  set  in  the  ground 
from  the  tray,  as  shown  in  fig.  5.  AVlien  the  plants  are  set  and  the 
soil  well  pressed  down  around  them,  they  should  l)e  just  a  little  below 
the  general  level  of  the  soil,  but  not  low  enough  to  become  covered  bj' 
heavy  rains.  The  same  method  should  be  followed  when  setting  in 
beds  (fig.  6),  except  as  to  marking,  which  should  be  in  both  directions, 
the  plants  to  be  set  at  the  intersections.  If  no  mulch  is  to  be  ap- 
plied, the  plants  should  be  watered  before  the  soil  is  entirely  filled  in 
around  them;  then,  after  watering,  cover  the  wet  earth  with  dry  soil 
to  prevent  a  crust  being  formed. 


Vm.  ,").-  -(laidi'iiiTs  sotiln;^  colcry  plants  in  the  i)i)cn  ^'i-ound. 

MULCHING. 

In  muck  soils  it  will  not  he  found  nores.sarv  to  nuilch  the  ground 
around  the  plants  after  setting,  but  some  kind  of  a  covering  is  desir- 
able oil  sandy  and  clay  soils.  As  soon  as  the  i)lants  are  in  position 
and  iK'fore  any  water  is  applied,  cover  the  ground  for  a  distance  of 
8  or  10  iiichi's  on  either  side  with  any  linely  divided  material  that  will 
shade  the  top  of  the  soil  and  prevent  a  crust  being  formed  after 
watering;  half-rotted  manure  is  preferable  for  this,  as  it  aids  the 
growth  by  its  fertilizing  (jualities.  (iood  celery  can  be  grown  on  clay 
upland  with  but  one  watering — at  the  time  of  planting — provided 


Id 

that  plenty  of  mulch  is  applied  as  soon  as  the  plants  are  set.  The 
roots  of  c^ery,  after  it  is  once  transplanted,  run  close  to  the  surface, 
and  the  mulch  will  protect  them  from  the  heat  of  the  sun.  Among 
materials  that  may  be  used  for  a  mulch  may  be  mentioned  pine 
needles,  leaves  of  any  kind,  straw,  cornstalks  run  through  the  cutter, 
clippings  from  the  lawn,  etc.,  none  of  which,  however,  are  as  good  as 
barnyard  manure. 

Have  the  material  to  be  used  as  a  mulch  near  at  hand,  and  as  the 
plants  are  set  cover  the  soil  around  them  to  a  depth  of  2  inches,  bring- 
ing the  mulching  material  up  close  to  the  plant,  but  being  careful  to 
allow  none  to  get  into  the  heart.  Apply  the  mulch  before  watering, 
if  possible. 


Fig.  6. — Celery  growinp  In  solid  l^eds.  showlnp  the  method  of  blanching  by  shoveling 
earth  between  the  plants  and  also  the  supports  used  during  warm  weather  for  holding 
muslin  shades. 

CULTIVATION. 

Directions  for  cultivating. — Where  celery  is  planted  in  single  rows 
and  mulched  it  will  only  be  necessary  to  maintain  shallow  cultivation 
between  the  rows,  not  allowin<j:  the  cultivator  teeth  to  come  nearer 
the  plants  than  the  edge  of  the  mulch.  Where  no  mulch  is  used  the 
cultivation  may  l)e  carried  a  little  closer  to  the  plants,  but  should  be 
very  shallow,  and  at  no  time  should  deep  cultivation  be  practiced,  as 
the  roots  are  to  be  found  very  near  the  surface  of  the  soil.  If  a 
mulch  is  used  no  hand  cultivation  will  be  required,  either  along  the 
side  or  between  the  plants  in  the  row,  except  to  pull  any  weeds  that 
may  spring  up.     Wliere  no  mulch  is  used  it  will  be  necessary  lightly 
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Fig.  7. — Small-tooth  horse  cultivator. 


to  stir  the  surface  with  a  wheel  hoe  or  iron  rake,  to  prevent  a  crust 
being  formed  after  each  rain  or  watering.  Keep  the  surface  of  the 
soil  smooth  and  in  no  case  allow  lumps  of  earth  to  remain  near  the 
plants. 

The  horse  cultivator  shown  in  fig.  7  is  a  desirable  type  for  work- 
ing between  the  rows,  while  the  wheel  hoe,  illustrated  in  figure  8,  is 

especially  uf^ful  in 
cultivating  a  small 
area  of  celery  or 
for  stirring  the  soil 
close  to  the  plants. 
Maintenance  of  a 
dust  mulch. — When 
a  crop  of  celery  is 
in  a  good  growing 
condition  the  roots 
will  be  near  the 
surface.  During  a  dry  season  the  roots  will  go  deep  into  the  soil  in 
order  to  secure  moisture';  this  can  be  prevented  by  keeping  the  sur- 
face of  the  soil  well  stirred  to  a  depth  of  not  more  than  2  inches, 
forming  a  sort  of  dust  mulch,  beneath  which  the  moisture  will  be 
drawn  upward  by  capillary  attraction  and  prevented  from  passing 
into  the  air  bv  the  presence  of  the  loose  soil  on  top.  tTnder  these 
conditions  the  roots 
will  work  near  the 
moisture  line,  and 
in  addition  to  se- 
curing the  required 
water  they  will  also 
receive  more  air  and 
will  be  at  the  point 
in  the  soil  whore 
the  natural  prep- 
aration of  plant 
food  is  taking  j)lace 
most  rapidly:  con- 
sequently a  large 
growth  and  a  better 
quality  will  Ixi  i)r()duced.  The  effects  of  a  drought  may  in  most  cases 
be  met  by  frecjueiit  shallow  cultivations,  supj^lemented  by  the  use  of 
water,  if  available. 

When  the  water  is  sprinkled  over  the  entire  surface  it  should  be 
done  late  in  the  day,  so  that  the  soil  may,  during  the  night,  absorb 
the  moisture  and  prevent  a  crust  being  formed,  as  would  be  the  case 
were  the  water  ap2)lied  under  the  direct  heat  of  the  sun. 


Wh(M'|    lie. 
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DISEASES. 

"Damping." — ^There  are  several  diseases  which  attack  celery,  but 
only  three  need  be  mentioned  in  this  bulletin.  "  Damping,"  caused 
by  a  fungus  which  follows  careless  watering  while  the  plants  are 
very  small,  attacks  the  stems  of  the  seedlings  at  the  point  where  they 
emerge  from  the  soil,  bringing  about  decay.  This  disease  may  be 
avoided  by  starting  the  plants  in  trays,  such  as  have  already  been 
described,  and  subwatering  them  by  setting  the  trays  in  a  shallow 
trough  containing  about  1  inch  of  water,  allowing  the  water  to  enter 
through  the  drainage  holes  in  the  bottom  of  the  trays.  In  this 
way  the  surface  of  the  soil  will  remain  slightly  dry,  while  the  roots 
of  the  plants  receive  plenty  of  moisture.  It  will  always  be  necessary 
to  water  very  carefully  and  to  avoid  extremes  of  drought  and 
moisture;  also  to  provide  plenty  of  light  and  ventilation.  During 
extremely  dry  weather  it  is  best  to  prevent  too  rapid  evaporation  by 
partial  shading  with  lath  screens  of  thin  muslin. 

Celery  blight. — The  disease  known  as  "  blight "  or  "  leaf-spot," 
w^hich  is  caused  by  a  fungus,  is  very  prevalent  and  destructive.  It 
makes  its  appearance  at  any  time,  usually  after  the  plants  have  been 
set  in  the  open  field,  and  many  acres  of  celery  are  annually  destroyed 
as  a  result  of  its  development.  The  first  visible  indication  of  the 
disease  is  in  the  form  of  grayish  spots  upon  the  leaves,  changing  to  a 
brown  or  burned  appearance  in  a  day  or  two.  If  conditions  continue 
suitable  to  the  development  of  the  disease,  it  will  spread  to  all  parts 
of  the  plant,  the  stems  will  droop,  and  the  entire  plant  assume  the 
appearance  of  having  been  scalded.  The  heart  of  the  plant  will 
continue  to  throw^  up  new  leaves,  but,  when  once  badly  infected,  it 
never  sufficiently  overcomes  the  disease  to  produce  a  marketable 
product.  When  this  disease  makes  its  appearance,  it  is  already  too 
late  to  attempt  to  eradicate  it,  as  much  of  the  injury  has  been  done 
before  the  existence  of  blight  is  perceptible. 

Celery  blight  generally  appears  during  or  immediately  after  a 
period  of  sultry  weather,  when  the  atmosphere  is  filled  with  moisture 
and  the  nights  are  warm.  Bright  sunshine  and  a  clear  atmosphere 
during  the  day,  with  cool  nights,  are  favorable  for  the  prevention 
and  control  of  blight.  Any  check  in  growth  will  so  weaken  the  plants 
that  they  are  liable  to  he  attacked  by  diseases.  On  the  other  hand, 
if  the  plants  can  be  kept  in  a  vigorous  growing  condition  during 
unfavorable  periods  they  will  be  in  a  much  better  condition  to  with- 
stand diseases.  Owing  to  close  selection  and  constant  inbreeding,  the 
self-blanching  varieties  have  become  constitutionally  weakened  and 
suffer  more  from  disease  than  do  the  hardier  green  sorts.     - 

How  to  combat  celery  blight. — Under  favorable  conditions  spraying 
has  in  many  instances  proved  beneficial  in  checking  blight.     Bor- 
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deaux  mixture  ^  and  ammoniacal  solution  of  copper  applied  at  inter- 
vals of  ten  days  to  two  weeks  will  serve  a  good  purpose. 

Severe  loss  from  blight  is  noted  only  where  large  quantities  of 
celery  are  grown  and  handled  together,  and  the  farmer  or  amateur 
•horticulturist  will  not  as  a  rule  be  troubled  if  the  plants  are  kept  in  a 
vigorous  condition  throughout  the  entire  period  of  their  growth. 
This  may  be  greatly  facilitated  by  partially  shading  the  plants  up  to 
the  time  when  they  are  set  in  the  open  field  and  by  planting  the  crop 
on  land  that  is  rich  enough  to  keep  up  a  rapid  and  uninterrupted 
growth.  The  most  satisfactory  shade  for  the  plant  bed  consists  of  a 
screen  made  of  plastering  laths,  with  openings  between  the  laths. 
The  size  of  ordinary  hotbed  sash  is  the  most  convenient  for  these 
screens,  as  they  can  then  be  placed  on  top  of  or  in  place  of  the  sash. 

Black-rot  or  heart-rot  of  celery. — While  in  the  storehouse  the  celery 
is  sometimes  attacked  by  a  black-rot,  which,  if  not  checked,  will  soon 
destroy  the  entire  crop.  This  disease  is  induced  by  too  heavy  water- 
ing and  by  whetting  the  tops  of  the  celery  after  it  has  been  stored; 
also  by  keeping  the  storehouse  too  warm  without  sufficient  ventila- 
tion. The  disease  is  almost  sure  to  occur  where  celery  is  stored  in 
improperly  ventilated  cellars  or  under  the  benches  of  greenhouses, 
but  will  rarely  be  found  in  storehouses  or  trenches  such  as  are  de- 
scribed farther  on  in  this  bulletin,  provided  proper  ventilation  is 
maintained. 

There  remains  no  doubt  that  some  varieties  have  a  greater  power  of 
resisting  the  attacks  of  disease  than  others,  and  the  larger  growers 
esi)ecially  should  test  some  of  the  new^er  sorts,  and  secure  if  possible 
one  that  will  combine  resistance  to  disease  with  suitable  market  value. 

INSECT  ENEMIES  AND  THEIE  CONTEOL.^ 

Owing  to  the  fact  that  celery  has  been  extensively  grown  only  dur- 
ing recent  years,  it  has  as  yet  very  few  insect  enemies  that  do  any 
considerable  damage,  and  most  of  these  can  be  controlled  by  very 
simple  means. 

Grasshoppers  often  prove  destructive  pests  during  the  early  part 
of  the  season,  especially  where  the  celery  is  planted  near  meadows  or 
other  habitat  of  these  insects.  Where  ^no  fowls  are  allowed  to  run, 
it  is  practicable  to  poison  the  grasshoi)pers  by  means  of  w^heat  bran 

a  For  approved  formula,  see  Farmers'  Bulletin  No.  231. 

b  In  case  any  instnt  is  found  doing  serious  damage  to  the  growing  celery,  the 
grower  is  advised  to  send  live  specimens,  together  with  a  description  of  the 
habits  of  the  insect,  to  the  agricultural  experiment  station  of  his  State  or  to 
the  Bureau  of  Entomology.  Fnited  States  Department  of  Agriculture,  for  infor- 
mation regarding  the  best  means  of  combating  the  pest. 
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to  which  there  have  been  added  molasses  and  water  and  enough  Paris 
green  to  give  the  mixture  a  slightly  green  color. 

The  celery  leaf  tier  sometimes  becomes  troublesome,  not  only  be- 
cause it  destroys  the  leaves  by  eating  them,  but  because  it  spins  a  web 
and  ties  the  leaves  together.  Injury  as  a  result  of  the  work  of  this 
insect  has  been  reported  only  from  a  few  localities,  but  the  insect 
itself  is  thoroughly  distributed  and  may  at  any  time  become  a 
troublesome  pest  in  any  celery  field.  As  a  means  of  controlling  this 
insect,  hand  picking  will  generally  prove  effectual. 

The  celery  caterpillar,  besides  being  the  most  conspicuous  of  all 
celery  insects,  is  perhaps  the  most  harmful.  It  feeds  upon  the  leaves, 
and,  owing  to  its  size  and  yellow  color  with  black  transverse  bands, 
it  is  readily  seen  against  the  background  of  green  foliage.  This 
caterpillar,  however,  does  not  appear  in  great  numbers,  and  hand 
picking  is  sufficient  to  control  it.  The  zebra  caterpillar  is  much 
smaller,  but  fully  as  striking  in  appearance  as  the  insect  just  men- 
tioned. It  appears  in  greater  numbers,  but  as  a  rule  may  be  con- 
trolled by  hand  picking. 

The  tarnished  plant  bug  has  been  known  to  injure  the  crop  in  sev- 
eral instances.  While  young  this  bug  is  very  small,  being  only  about 
one-twentieth  of  an  inch  in  length,  of  a  yellowish  or  yellowish  green 
color,  which  changes  to  a  faded  yellow  or  dull  brown  when  it  is  fully 
grown.  It  works  especially  where  weeds  abound  and  on  crops  that 
are  somewhat  neglected.  As  a  preventive,  keep  the  celery  well  culti- 
vated and  free  from  weeds,  and  do  not  allow  any  trash  beneath  which 
insects  can  pass  the  winter  to  lie  on  the  ground. 

METHODS  OF  BLANCHING. 

In  its  original  wild  state  the  stems  of  celery  are  tough,  full  of 
woody  strands,  of  a  rank  flavor,  and  green  in  color,  being  similar  to 
the  outside  stems  or  trimmings  of  our  present  varieties.  The  object 
of  blanching  is  to  secure  leafstalks  free  from  woody  strands,  crisp 
and  tender,  and  without  the  rank  flavor  found  in  those  that  are  green. 
Of  the  cultivated  plant  we  have  two  classes  of  varieties,  the  large- 
growing,  or  giant,  and  the  dwarf  sorts.  These  are  again  divided 
into  those  which  must  be  blanched  by  excluding  all  the  light  and 
those  which  are  in  a  measure  self-blanching.  Of  the  former  the 
Giant  Pascal  variety  is  a  type,  and  of  the  latter  the  Golden  Self- 
Blanching  variety  is  a  good  illustration. 

Blanching  is  accomplished  by  the  same  general  method  that  is 
employed  for  destroying  the  coloring  matter  in  any  plant  tissue; 
that  is,  by  excluding  the  light  and  allowing  the  growth  to  proceed  in 
the  dark.  The  particular  method  to  be  adopted  must  be  determined 
largely  by  the  time  when  the  crop  is  to  be  used.     If  for  early  use  or 
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marketing,  the  blanching  must  1k»  comj)loted  where  the  plants  are 
^own;  hut  if  the  celery  l)e  for  winter  uw  the  l)hinchin^  may  take 
place  after  the  crop  has  Ixhmi  removed  from  the  field  and  placed  in 
stora^\  In  fact,  it  is  In^st  to  blanch  as  little  as  possible  before  stor- 
ing when  the  j)roduct  is  to  l)e  kept  until  late,  as  the  keeping  qualities 
are  l>etter  while  it  is  unblanched.  When  i)lanting  for  early  use  it  is 
necessary  to  choose  one  of  the  si»lf -blanching  varieties,  such  as  may 
be  convenienth'  blanched  by  the  use  of  boards  or  other  similar  means. 
XTse  of  boards  for  blanching. — For  early  blanching  on  a  small  scale, 
such  as  would  be  employed  cm  the  farm  or  in  the  garden  of  the 
amateur  horticulturist,  there  are  several  methods.     One  of  the  most 


l'i»;.  J».      rh'ld  «if  «rI»M-y  In  itrocoss  nf  hlaiu'hiii;,'  I»y  moans  nf  hoards,  with  a  rolory  hlUer  In 

flio   fn!'»'Kr«»llInI. 

coininoii  is  by  means  of  boards  ])hiced  on  edge  along  each  side  of  the 
row  of  celery.  This  method  is  also  in  general  us<»  for  blanching  large 
fields  of  early  celery.  Figure  \)  shows  a  field  of  celery  with  the 
boards  in  position.  The  boards  u>ed  for  blanching  should  be  1  inch 
thick  by  li^  to  I  t  inches  wide  and  1*J  to  1(>  feet  long.  The  cheaper 
grades  of  pine  will  an>wer  the  purpose,  but  new  boards  ai*e  liable 
to  impart  an  unpleasant  flavor  to  the  celery.  The  kind  used  by 
grower^  in  Michigan,  Ohio,  and  New  ^'ork,  at  th(»  rate  now  pre- 
vailing, <'o>t^  S'2:t  to  s:',()  a  thonsmd  feet.  In  placing  the  boards  in 
po>iti()n,  slip  one  etlge  well  under  the  outside  leaves  of  the  plants, 
then  bring  this  edg<^  u])ward  until  in  a   vertical  i)osition  along  the 
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row,  having  another  board  at  the  same  time  placed  on  the  other  side, 
so  that  when  in  position  there  will  be  as  little  space  between  the 
boards  as  the  thickness  of  the  plants  will  permit.  These  boards, 
when  used  on  a  small  scale  only,  may  be  fastened  in  position  by  means 
of  stakes  driven  in  the  ground,  by  nailing  short  pieces  of  laths  across 
the  top  every  6  or  8  feet,  or  by  placing  notched  sticks  over  the  tops 
of  the  boards.  Any  of  these  methods  would  be  too  inconvenient  when 
applied  on  a  large  scale,  and  a  far  better  one  is  that  practiced  by  large 
growers,  namely,  that  of  using  double  hooks,  or  spanners,  about  6 
inches  long,  made  of  heavy  galvanized  wire,  bent  somewhat  in  the 
shape  of  the  thumb  and  first  finger  extended.  These  spanners  are 
slipped  over  the  upper  edges  of  the  boards  every  few  feet  to  hold 
them  together,  and  the  plants  are  rigid  enough  to  keep  the  boards  in 
an  upright  position. 

After  the  boards  are  in  position  it  is  a  good  plan  to  run  a  celery 
hiller,  as  shown  in  the  foreground  of  figure  9,  between  the  rows  and 
to  throw  a  little  soil  against  the  lower  edges  of  the  boards  to  close 
any  openings  that  may  result  from  the  uneven  surface  of  the  soil. 

Two  or  three  weeks'  time  will  be  required  to  complete  the  blanch- 
ing of  the  early  varieties,  and  the  boards  must  be  kept  in  position 
until  the  crop  is  removed  from  the  ground,  after  which  they  may  be 
used  again  two  or  three  times  during  the  season.  If  the  celery  is 
allowed  to  remain  in  the  boards  too  long  after  it  has  reached  a 
marketable  stage,  it  loses  in  weight  and  flavor  and  is  liable  to  be 
injured  or  even  destroyed  by  the  attacks  of  blight.  This  is  espe- 
cially true  during  the  earlier  part  of  the  season,  when  the  weather  is 
warm.  At  the  end  of  the  season  the  boards  should  be  piled  flat,  with 
strips  inserted  at  every  fourth  or  fifth  course,  and  the  whole  pile 
roofed  over  to  shed  off  rain;  treated  in  this  manner  they  will  last 
from  ten  to  twelve  years. 

Use  of  farm  drain  tiles  for  blanching. — Perhaps  the  most  satisfactory 
w^ay  of  blanching  early  celery  on  a  small  scale  is  b}-  means  of  ordinary 
farm  drain  tiles  (fig.  10)  of  about  4  inches  inside  diameter,  placed 
over  the  plants  after  they  have  become  almost  fully  grown.  To  facili 
tate  the  work  of  placing  the  tiles  over  the  plants,  some  of  the  outside 
leaves  should  be  pulled  away  and  the  main  part  of  the  plant  loosely 
tied  together  by  means  of  a  soft  string,  or,  better,  with  what  is 
known  as  paper  twine,  being  a  string  made  by  twisting  a  strip  of 
soft  paper.  This  string  will  lose  its  strength  as  soon  as  it  becomes 
wet,  and  will  offer  no  resistance  to  the  further  growth  of  the  plant. 
The  presence  of  the  tiles  will  cause  the  leaves  to  draw  up  above  the 
top  of  the  tiles,  thereby  forming  a  screen  over  the  top  to  shut  out 
the  light  from  the  interior.  If  the  common,  unglazed  tiles  are  used 
the  evaporation  from  their  surface  has  a  tendency  to  keep  the  plant 
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cool  during  the  heat  of  the  day,  and  a  very  crisp  and  tender  product 
is  the  result.  This  method  of  blanching  is  desirable  also  on  account 
of  its  <!ileanliness,  as  celery  treated  in  this  way  will  need  very  little 
washing  before  marketing. 

XTse  of  soil  for  blanching. — The  most  common  method  for  blanching 
celery  on  a  small  scale  is  that  of  banking  with  soil,  as  shown  in 
figure  11,  and  it  is  by  this  means  that  the  finest  flavor  can  be  obtained. 
Where  the  plants  are  set  in  single  rows  the  soil  can  often  be  partially 
thrown  up  by  means  of  a  plow,  or,  better,  by  a  celery  hiller,  as  illus- 
trated in  the  foreground  of  figure  9.  There  are  several  forms  of  this 
implement,  but  they  all  work  on  one  principle,  that  of  a  diagonally 
set  surface  to  throw  up  the  soil.  Before  the  plow  or  banking  machine 
is  used  a  small  quantity  of  dirt  must  be  placed  around  the  plants 
by  hand  to  hold  them  in  position  while  the  earth  is  being  thrown 
around  them.    This  may  also  be  accomplished  by  tying  up  the  plants 


Fuj.   10. — CVIery  iu  process  of  blanching  by  means  of  drain  tiles. 

with  paper  twine,  as  previously  recommended  for  use  in  connection 
with  tiles.  Instead  of  tying  each  plant  by  knotting  around  it  a  short 
piece  of  string,  fasten  the  end  of  the  string  around  the  first  plant 
in  a  row,  then  pass  to  the  second  plant  without  cutting  or  breaking 
the  string.  While  the  outside  leaves  of  the  second  plant  are  brought 
uj)  together  bv  the  left  hand,  carry  the  string  once  around  by  allowing 
it  to  run  between  the  thumb  and  finger  of  the  right  hand,  and  so  on 
from  plant  to  plant  until  a  whole  row  is  held  up  without  breaking 
the  string  and  by  tying  it  at  the  ends  only.  This  work  is  greatly 
facilitated  by  strapping  to  the  right  forearm  a  tin  can,  in  which 
the  ball  of  cord  is  placed,  the  inside  end  of  the  string  being  delivered 
through  a  hole  in  the  bottom  of  the  can.     Another  very  good  method 
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of  holding  up  the  celery  while  the  earth  is  being  placed  around  it  is 
by  temporarily  setting  up  boards,  which  are  removed  as  soon  as  the 
soil  is  in  position. 

Where  celery  planted  in  solid  beds  is  banked  with  earth,  the  entire 
quantity  of  soil  required  must  be  thrown  up  by  hand.  Under  these 
conditions  banking  with  soil  is  not  profitable  except  on  a  very  limited 
scale.  Owing  to  the  cost,  blanching  by  banking  with  earth  is  not 
to  be  recommended,  except  when  the  crop  is  to  be  stored  where  grown 
for  late  fall  marketing,  and  even  then  it  is  better,  especially  on  muck 
or  sandy  soil,  to  trench  that  part  of  the  crop  which  is  to  be  held  for  a 
short  time. 


Fig.  11. — Celerj'  in  process  of  blanching  by  means  of  earth. 

Other  methods  of  blanching  celery. — Another  method  of  blancliing  is 
by  banking  with  straw  or  leaves,  but  this  is  objectionable,  as  the 
material  used  generally  imparts  an  undesirable  flavor  to  the  stems. 
The  use  of  any  material  that  is  in  process  of  decomposition  will  cause 
diseases  to  attack  the  stems. 

Common  brown  grocery  paper  is  sometimes  employed  for  blanching 
on  a  small  scale  by  wrapping  it  three  or  four  times  aroimd  the  celery 
plants,  then  fastening  it  by  means  of  rubber  bands  or  string.  This 
method  is  scarcely  to  be  recommended,  as  the  application  of  the  paper 
is  tedious  and  does  not  produce  a  good  grade  of  celery. 

Blanching  for  winter  use. — As  regards  blanching  for  winter  use, 
very  little  need  be  added  to  that  which  has  been  said  under  blanch- 
ing for  early  use.    As  a  rule,  celery  that  is  not  blanched  at  all  will 
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Tceep  longer.  Since  the  necessary  blanching  will  take  place  while  the 
crop  is  in  storage,  it  need  only  be  mentioned  that  it  is  essential  to 
place  merely  enough  earth  around  the  base  of  the  plants  while  in  the 
open  ground  to  insure  an  upright  and  compact  growth. 

STORING. 

Banking  and  covering  with  straw,  etc. — ^The  plan  usually  adopted 
where  but  a  small  quantity  of  celery  is  to  be  stored  for  winter  use  is 
to  bank  up  with  earth  and  cover  the  plants  where  grown.  Place 
enough  earth  around  the  base  of  the  plants  to  hold  them  in  good  form, 
and  then  allow  them  to  remain  without  any  further  banking  as  long 
as  there  is  not  danger  of  a^ard  frost.  When  absolutely  necessary  to 
do  so,  the  earth  should  be  thrown  up  to  the  very  tops  of  the  plants, 
almost  covering  them,  then  as  the  weather  becomes  colder  cover  the 
ridge  with  coarse  stable  manure,  straw,  or  corn  fodder,  held  in  place 
by  means  of  stakes  or  old  boards.  Celery  will  withstand  considerable 
frost,  but  its  keeping  qualities  as  well  as  flavor  will  be  impaired  if  it 
is  allowed  to  freeze.  The  celery  can  be  removed  from  these  ridges  as 
needed,  but  will  be  found  to  be  very  inaccessible  during  the  time  when 
the  ground  is  frozen  hard. 

Trenching. — I^arge  growers  handle  the  last  of  the  crop  by  the 
method  known  as  "  trenching."  The  celery  is  partially  banked  with 
earth  and  allowed  to  remain  where  grown  so  long  as  there  is  no  dan- 
ger from  heavy  frosts.  As  soon  as  there  is  danger  of  the  celery  be- 
coming frozen  it  is  lifted  and  8  or  10  rows  are  brought  together 
and  set  with  the  roots  bedded  close  together  in  the  bottom  of  a  shal- 
low trench.  AMiere  blanching  boards  are  available  two  parallel  rows 
of  the  boards  are  set  along  the  sides  of  the  trench  and  the  space  be- 
tween them  is  filled  with  celery.  The  earth  is  then  banked  up  along 
the  sides  of  the  trench  and  a  covering  of  boards,  straw,  or  some 
similar  material  is  put  on.  These  trenches  are  usually  made  only  50 
or  ()0  feet  in  length  and  are  small  enough  to  permit  the  removal  of 
a  whole  trench  at  one  time. 

Another  method  of  trenching  is  to  excavate  a  pit  to  a  depth  of 
about  24:  inches,  3  feet  wide,  and  of  any  desired  length.  Thoroughly 
loosen  the  soil  in  the  bottom  or  shovel  in  loose  topsoil  to  form  a 
bed  in  which  the  roots  of  the  celery  may  be  set.  Pack  this  trench 
with  fully  grown  plants,  placing  the  roots  close  together,  with  con- 
siderable soil  adhering  to  them.  As  the  celery  is  placed  in  the 
trench  it  should  be  well  watered  and  then  allowed  to  remain  open 
long  enough  for  the  tops  to  become  dried  off.  Unless  the  soil  is  very 
dry  at  the  time  of  storing,  or  extended  warm  weather  should  follow, 
it  will  not  be  necessary  to  apply  any  more  water.  Place  a  12-inch 
board  on  edge  along  one  side  of  the  trench  and  bank  up  the  surplus 
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earth  on  the  outside;  cover  the  trench  with  a  roof  of  boards,  sash, 
straw  on  poles,  or  cornstalks  from  which  the  {ops  have  been  removed, 
placing  the  stalks  across  the  pit  with  one  end  resting  on  the  board 
and  the  other  on  the  ground;  spread  over  this  a  light  covering  of 
straw  or  other  material  which  will  pack  close,  and  as  the  weather  be- 
comes colder  increase  the  covering  to  keep  out  the  frost.  Celery 
stored  in  this  manner  will  keep  until  late  in  the  winter,  and  while  the 
method  is  too  laborious  for  application  on  a  large  commercial  scale, 
it  is  to  be  recommended  for  the  use  of  the  farmer  and  small  grower 
because  of  its  simplicity. 


Fio.  12. — Cross  section  of  hotbed  pit  used  for  the  storage  of  celery  on  a  small  scale. 

The  unused  pit  of  a  permanent  hotbed  may  be  utilized  as  a  storage 
place  for  celery  by  removing  the  surplus  earth  and  substituting  a 
covering  of  boards  for  the  sash.  The  celery  is  stored  in  the  same 
manner  as  in  the  trench  and  the  bed  may  be  covered  with  any  ma- 
terial which  will  keep  out  frost.  A  cross  section  of  a  hotbed  used  for 
this  purpose  is  shown  in  figure  12. 

Storing  in  cellars. — Celery  may  be  safely  stored  in  cellars  provided 
the  temperature  is  kept  low  and  plenty  of  ventilation  maintained. 
The  warmth  and  dampness  of  the  ordinary  cellar  have  a  tendency 
to  cause  the  celery  to  decay,  but  these  conditions  can  frequently  be 
overcome.  Celery  will  readily  absorb  any  odor  that  may  be  present 
in  the  atmosphere  of  the  storage  place,  and  care  should  be  taken  to 
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provide  sanitary  conditions.  When  storing  in  a  cellar,  the  plants 
should  have  most  of  th^ir  roots  attached,  and  a  bed  of  moist  sand  in 
which  to  set  them  should  be  provided. 

Storing  in  a  celery  storage  house. — Almost  without  exception  the 
larger  growers  at  the  North  have  found  it  unprofitable  to  store  celery 
for  late  keeping,  and  those  who  still  adhere  to  the  practice  do  so  in 
order  that  they  may  control  and  supply  a  special  trade.  Even  under 
special  circumstances  there  is  only  a  moderate  profit  in  storing  for 
late  marketing.  AVTiere  these  circumstances  exist  the  best  form  of 
storage  house  is  a  broad  and  long  structure  (fig.  13),  with  low  walls 
and  even-span  roof  coming  almost  to  the  ground  at  the  sides.  The 
roof  should  be  of  heavy  planks,  with  one  end  resting  on  top  of  tlie 


Fig.  l.'i. — Cross  section  of  celery  storage  house — width  24  feet,  height  of  side  waUs  2  feet, 
and  height  In  center  to  ridge  11  feet;  a,  bed  of  sand  on  earth  floor;  h,  division  boards 
through  house ;  c,  posts  supporting  roof ;  d,  roof  planlcs ;  e,  sod,  straw,  or  manure  for 
frost-proofing  on  roof;  f,  ventilator. 

wall  and  the  other  on  a  ridge  pole  supported  by  a  line  of  posts 
tlir()ii<i:h  the  center.  The  cracks  between  the  roof  planks  may  be 
battened  with  old  celery  blanching  boards  and  the  whole  covered  to  a 
depth  of  4  inches  with  earth,  and  sodded  over  or  double-roofed  to 
keep  out  frost.  The  ends  of  the  house  should  be  built  double,  with 
a  dead-air  sj)ace  between,  or  consist  of  a  heavy  wall,  and  there  should 
be  a  lar^e  door  in  each  end.  The  dirt  floor  of  the  house  should  have 
a  covering  of  '^  or  4  inches  of  loose  sand  or  fine  earth  in  which  to 
pacic  the  roots  of  the  celery.  It  is  desirable  to  have  the  storehouse 
subdivided  lengthwise  into  beds  about  0  or  8  feet  wide  by  means  of 
(>-inch  boards  raised  3  or  4  inches  from  the  ground  and  fastened  to 
stakes.  These  partitions  increase  the  circulation  of  air  through  the 
celery  and  tend  to  keep  the  plants  in  good  position. 
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Digging,  handling,  and  patting  away  celery. — ^Where  any  consider- 
able quantity  of  celery  is  to  be  stored,  everything  should  be  in  readi- 
ness beforehand  so  that  the  crop  may  be  brought  in  quickly.  In  the 
field  the  celery  should  be  loosened  as  required,  so  that  it  may  be  easily 
pulled  up  by  hand ;  for  any  area  less  than  4  or  5  acres  this  work  can 
be  done  with  spades,  but  on  a  larger  scale  a  special  implement  for  dig- 
ging should  be  used.  The  digger  most  commonly  employed  consists 
of  a  steel  cutter  5  or  6  inches  in  width  and  one-half  inch  thick,  bent 
upward  at  the  ends  and  sharpened  on  the  front  edge,  mounted  beneath 
and  between  two  wheels  to  which  a  tongue  is  attached.  The  blade 
must  be  so  arranged  that  it  can  be  adjusted  to  any  depth.  The  digger 
is  drawn  by  two  horses,  and  one  row  can  be  loosened  as  fast  as  the 
team  will  walk. 

If  the  celery  is  not  too  tender,  the  handling  from  the  field  to  the 
storehouse  may  be  accomplished  without  the  use  of  boxes;  otherwise  a 
number  of  boxes  should  be  provided,  each  12  by  12  by  26  or  28  inches 
in  size,  constructed  of  inch  lumber  for  the  ends  and  half -inch  boards 
for  the  sides  and  bottom.  A  wagon  with  low,  broad-tire  wheels  will 
be  found  convenient  for  the  transfer.  If  boxes  are  not  used,  the 
celery  should  be  gathered  up  in  armfuls  and  piled  upon  the  wagon. 
If  boxes  are  employed,  one  set  may  be  filled  while  the  wagon  is  at  the 
storehouse  unloading.  In  using  boxes  the  celery  should  be  placed 
with  the  roots  in  the  bottom.  The  celery  should  be  loosened  only  as 
required  for  removal  to  the  storehouse,  as  a  short  exposure  to  the  sun 
after  the  roots  have  been  disturbed  is  very  injurious  and  detracts  from 
its  keeping  qualities. 

Upon  reaching  the  storehouse  the  celery  is  taken  from  the  wagon 
and  laid  in  piles  near  where  it  is  to  be  stored,  or,  if  in  boxes,  they  can 
be  set  close  at  hand.  Beginning  at  the  end  of  one  of  the  divisions,  a 
small  furrow  is  opened  in  the  soil  by  means  of  a  spade,  the  celery  is 
stood  along  in  this  furrow,  and  the  soil  filled  in  around  the  roots. 
The  soil  should  be  rather  moist  at  the  time  the  celery  is  stored,  and 
it  may  be  necessary  to  moisten  it  a  little  from  time  to  time  by  insert- 
ing a  hose  between  the  plants  and  pouring  water  around  the  roots, 
but  the  tops  should  never  be  wet  after  entering  the  storehouse. 
After  the  storehouse  is  filled  constant  ventilation  should  be  main- 
tained by  means  of  openings  near  the  ridge,  and  the  temperature 
should  be  kept  as  low  as  possible :  care  should  be  taken,  however,  that 
the  celery  does  not  become  frozen,  although  a  temperature  that  will 
often  show  a  trace  of  frost  will  not  injure  it. 
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MARKETING. 

During  the  early  part  of  the  season,  or  until  the  time  for  heavy 
frosts,  the  packing  will  be  done  entirely  from  the  rows  where  the 
crop  is  grown,  later  from  the  trenches,  and  afterwards  from  the  store- 
house. 

Preparing  celery  for  market. — In  preparing  the  celery  for  market 
from  the  rows  where  grown,  it  is  not  necessary  to  remove  the  entire 
root  from  the  earth,  but  it  may  be  cut  off  just  below  the  surface  of 
the  soil  by  means  of  a  stiff  knife.  Remove  'the  outside  leaves 
and  trim  the  root  evenly,  pack  in  boxes,  and  load  on  the  wagon  for 


Fig.  14. — Celery  trimmed,  washed,  and  bunched  ready  for  market. 

removal  to  the  washing  house.  The  hhinching  boards  should  not  be 
removed  till  necessary,  and  the  trimmed  celery  must  not  be  allowed 
to  lie  exposed  to  the  sun  or  wind  for  any  length  of  time.  It  is  well 
also  to  have  a  j)iece  of  canvas  to  protect  the  celery  while  it  is  on  the 
wagon  on  the  way  to  the  washing  house.  In  marketing  from  the 
trenches  the  process  is  practically  the  same  as  from  the  rows,  except 
that  the  celery  is  already  loosened  from  the  soil  and  the  roots  can 
be  removed  more  easily. 

Upon  reaching  the  washing  room  the  celery  is  placed  upon  a  rack 
consisting  of  wooden  slats  over  a  large  trough  and  subjected  to  a 
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spray  of  cold  water  to  cool  it  and  to  remove  the  adhering  soil.  After 
washing,  it  is  allowed  to  drain;  then  it  is  tied  in  bunches  of  12  or 
more  plants  each,  according  to  the  size,  as  shown  in  figure  14.  The 
bunches  are  packed  6  in  a  box  for  first-grade  celery  and  8  or  9  for 
second  or  third  grades.  These  boxes  should  be  practically  air-tight, 
and  a  lining  of  paper  should  be  placed  in  them  before  packing  the 
celery,  or  each  bunch  should  bp  wrapped  separately.  The  celery 
should  be  nearly  dry  before  it  is  placed  in  the  boxes,  and  throughout 
the  entire  handling  must  be  kept  as  cool  as  possible. 

Sanitary  conditions. — Up  to  the  present  time  very  little  attention 
has  been  given  to  the  sanitary  phase  of  celery  growing  and  marketing. 
It  is  essential  that  the  celery  should  be  washed  in  pure  water  to  pre- 
vent the  transmission  of  disease  germs.  Any  germ,  such  as  that  pro- 
ducing typhoid  fever,  which  is  found  in  contaminated  water,  is  read- 
ily carried  to  the  digestive  system  of  the  consumer,  and  may  or  may 
not  produce  an  attack  of  the  disease,  according  to  the  strength  of  the 
person  to  resist  it.  The  washhouse  and  its  surroundings  should  be 
kept  clean  and  free  from  any  decomposing  materials.  Shippers  and 
dealers  alike  lose  sight  of  the  fact  that  the  edible  portion  of  celery  is 
constantly  being  exposed  to  the  contaminating  effects  of  dirty 
wagons,  unclean  cars,  and  dusty  markets.  Many  persons  have  dis- 
continued the  use  of  celery  on  account  of  the  unclean  condition  in 
which  it  is  served.  This  statement  holds  good  for  all  vegetables  that 
are  served  in  the  raw  state,  but  it  is  especially  applicable  to  celery. 

Methods  of  shipping. — The  greater  part  of  the  celery  produced  by 
the  growers  of  Michigan,  Ohio,  and  New  York  is  shipped  in  car- 
load lots  to  the  eastern  cities.  Some  growers  follow  the  practice  of 
washing  and  boxing  the  entire  crop ;  others  wash  and  tie  the  celery 
in  bunches  and  set  them  in  an  upright  position  on  decks  in  a  refrig- 
erator car.  The  select  bunches  are  usually  boxed  and  placed  in  the 
middle  of  the  car,  filling  up  the  space  between  the  doors.  As  quickly 
as  the  car  is  filled  it  is  re-iced  and  rushed  to  its  destination  by  fast 
freight.  AVhen  celery  is  shipped  in  this  manner  all  necessary  ar- 
rangements must  be  completed  beforehand,  as  any  delay  along  the 
line  or  in  handling  it  at  destination  may  cause  serious  loss. 

Several  of  the  larger  growers  follow  the  plan  of  shipping  in 
the  rough;  by  this  method  only  about  two-thirds  as  many  bunches 
can  be  placed  in  a  car,  but  the  expense  of  loading  is  greatly  reduced. 

The  celery  is  lifted  from  the  field,  a  few  of  the  outer  leaves  pulled 
off,  and  the  root  trimmed  roughly,  after  which  the  plants  are  tied  in 
bunches  of  12  to  14  each  by  means  of  common  binder  twine.  These 
bunches  are  loaded  upon  wagons  and  hurried  to  the  car  before 
the  celery  has  had  time  to  become  wilted.  The  first  course  is  set  root 
end  down  on  the  floor  of  the  car  and  two  decks  are  put  in  above,  which 
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will  fill  the  car  to  the  roof,  and  the  space  between  the  doors  is  filled 
in  the  same  manner.  A  car  loaded  by  this  method  will  hold  about 
950  bunches,  and  the  celery  is  usually  in  the  car  from  three  to  ten 
days,  during  which  time  the  temperature  is  kept  down  by  means  of 
ice.  A  more  practical  method  of  shipping  in  the  rough  is  in  crates 
similar  to  those  used  by  California  and  Florida  shippers  (see  fig.  15). 
The  celery  is  more  easily  handled  in  such  crates  than  in  loose  bunches 
and  is  less  likely  to  beome  broken  and  bruised.  The  more  common 
form  of  this  crate  is  shown  in  figure  16. 


Fi(5.  15. — racking  celery  In  crates  for  shipping  in  the  rough  In  a  Florida  field  during  Feb- 
ruary.    Dimensions  of  the  special  crate  shown,  11  by  20  by  24  inches. 

In  all  cases  where  the  crop  is  shipped  in  the  rough  it  is  necessary 
for  the  commission  man  to  provide  means  for  washing  and  rebunch- 
ing  the  celery ;  or  a  grocer  or  dealer  can  purchase  in  the  rough  and 
wash  the  plants  as  needed  to  supply  his  trade.  By  shipping  in  the 
rough,  the  sahible  portion  is  protected  from  bruising,  and  the  bunches 
look  more  fresh  and  clean  when  trimmed  and  washed  but  a  few  hours 
before  being  offered  for  sale. 

PROFITS  TO  BE  DERIVED  FROM  CELERY  CULTURE. 

Cost  of  production. — The  cost  of  equipment  for  celery  work  should 
not  under  most  circumstances  be  great.  Assuming  that  the  market 
gardener  has  his  land  in  good  condition  and  that  the  tools  necessary 
for  its  ordinary 'cultivation  are  at  his  command,  it  will  be  essential 
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only  to  provide  a  few  sash  under  which  the  plants  may  be  started, 
a  small  number  of  special  tools,  about  5,000  feet,  of  lumber  to  each 
acre  to  be  grown,  and  boxes  for  handling  and  marketing  the  crop,  the 
whole  outlay  not  to  exceed  $200  per  acre.  The  annual  expense  of 
growing  1  acre  of  celery,  including  fertilizers,  seed,  labor,  and  wear 
and  tear  on  equipment,  will  not  exceed  $250j  provided  the  soil  is 
suited  to  the  work  and  the  product  can  be  placed  upon  the  market 
without  undue  expense  or  labor.  It  would  not  be  advisable  to  under- 
take celery  culture  on  a  large  scale  unless  located  within  2  or  3  miles 
of  a  convenient  shipping  point  or  a  good  local  market. 

Estimates  of  returns. — Anyone  contemplating  making  a  start  in 
celery  growing  will  do  well  to  first  investigate  the  market  prospects. 


Pio.  10. — Crate  of  celery  shipped  in  the  roii^h.     Style  of  crate  employed  by  the  California 
celery  growers.     Dimensions  of  crate,  24  by  24  by  20  inches. 

and  unless  satisfactory  shipping  arrangements  can  be  made  before- 
hand the  crop  should  be  planted  only  on  a  small  scale  for  one  or  two 
years,  until  a  local  trade  can  be  established.  It  is  fair  to  estimate  a 
return  of  1,500  dozen  from  1  acre,  and  this  should  bring  25  cents 
per  dozen,  at  the  lowest  average  estimate;  this  will  yield  a  gross 
income  of  $375  to  the  acre,  leaving  a  net  balance  of  $125  to  cover  the 
interest  on  the  investment  and  the  profit.  As  a  matter  of  fact,  the 
growers  who  are  making  a  success  of  celery  raising — and  many  are 
doing  so — receive  a  net  profit  of  $100  an  acre  over  and  above  the  inter- 
est on  the  investment.  On  the  other  hand,  hundreds  of  acres  are 
grown  annually  which  do  not  much  more  than  pay  expenses,  but  this 
is  due  to  the  fact  that  the  soil  has  become  exhausted  and  the  product 
is  consequently  undersized  and  inferior. 
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VARIETIES  OF  CELERY. 

Varieties  for  home  use. — Where  it  is  desirable  to  have  celery  for 
table  use  from  midsummer  until  late  in  winter  it  is  well  to  plant  two 
or  three  varieties.  For  the  earliest,  plant  White  Plume  or  Golden 
Self -Blanching;  for  autumn  use,  Golden  Self-Blanching  and  Pink 
Plume  or  Rose-Ribbed  Paris  Self-Blanching;  for  late  keeping,  Giant 
Pascal  or  Evans's  Triumph. 

Under  the  name  of  White  Plume  may  be  included  all  similar  names, 
such  as  Improved  WTiite  Plume,  as  these  represent  only  special 
stocks  of  the  same  variety.  This  variety  is  one  of  the  oldest  and  is 
still  the  most  important  with  a  few  of  the  northern  growers,  although 
Golden  Self -Blanching  is  rapidly  taking  its  place.  It  grows  rather 
slendeCy  blanches  early,  and  has  a  fine  flavor. 

Golden  Self-Blanching  is  rather  dwarf  in  its  habit  of  growth,  is 
stocky,  and  blanches  readily.  This  variety  is  one  of  the  best  and  is 
now  grown  almost  exclusively  for  market  purposes. 

Pink  Plume  attains  about  the  same  size  as  Golden  Self-Blanching, 
and  has  a  rather  stocky  growth.  The  outer  stems  are  tinted  with 
pink  color,  but  this  is  scarcely  visible  on  the  blanched  and  trimmed 
bunches.  The  stems  are  heavily  ribbed,  and  when  grown  on  adhesive 
soil  they  are  hard  to  clean.  It  blanches  well,  has  a  fair  flavor,  and  is 
a  good  keeper. 

Giant  Pascal  is  a  large-growing  variety,  with  broad,  solid  stems. 
It  is  one  of  the  best  for  keeping  purposes,  has  a  good  flavor,  blanches 
clean  and  white,  and  is  a  desirable  variety  for  winter  use. 

Evans's  Triumph  grows  to  a  medium  height;  the  stems  are  broad 
at  the  base,  and  it  blanches  well.  It  has  a  splendid  flavor,  is  a  good 
keeper,  and  is  suitable  for  late  winter  use. 

There  are  several  other  varieties  of  equal  merit,  and  in  making  a 
selection  a  beginner  should  accept  the  assistance  of  his  seedsman. 

Varieties  for  market. — For  market  purj^oses  it  is  best  to  grow  but 
two  or  three  varieties  and  build  up  a  trade  for  a  uniform  product. 
The  northern  growers,  for  the  most  part,  plant  White  Plume  and 
Golden  Self-Blanching  for  sununer  and  fall  marketing,  and  those 
wiio  also  make  a  practice  of  storing  plant  some  such  variety  as  Giant 
Pascal.  At  present  there  is  more  of  Golden  Self-Blanching  grown 
than  of  all  other  varieties  together. 

No  particular  variety  can  be  recommended  for  a  locality  until  the 
demands  of  the  markets  are  ascertained,  and  it  would  be  best  for 
any  one  who  contemplates  engaging  in  the  business  to  learn  what 
varieties  are  used  by  growers  under  similar  conditions  and  to  make 
his  selection  accordingly;  however,  it  is  always  safe  to  begin  with 
such  varieties  as  those  mentioned  above. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

WashingtoTiy  D,  C,  January  26,  1907, 
Sir:  We  have  the  honor  to  transmit  herewith  the  manuscript  of  a 
bulletin  entitled  '' Spraying  for  Apple  Diseases  and  the  Codling 
Moth  in  the  Ozarks/'  by  W.  M.  Scott,  of  the  Bureau  of  Plant  Industry, 
and  A.  L.  Quaintance,  of  the  Bureau  of  Entomology.  We  recom- 
mend that  this  be  published  as  a  Farmers'  Bulletin.  The  work  was 
conducted  under  the  joint  direction  of  our  two  Bureaus  and  has 
resulted  in  a  remarkably  successful  demonstration  of  methods  of  con- 
trolling a  number  of  the  most  serious  fungous  and  insect  pests  affecting 
the  orchards  of  this  important  fruit  region. 

The  accompanying  illustrations  are  necessary  to  a  clear  understand- 
ing of  the  text. 

Respectfully,  B.  T.  Galloway, 

Chief,  Bureau  of  Plant  Industry, 
L.  O.  Howard, 
(%i^f  Bureau  of  Entomology, 
Hon.  James  Wilson, 

Secretary  of  Agriculture . 
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SPRAYING  FOR  APPJ.E  DISEASES  AND  THE 
CODLING  MOTH  IN  THE  OZARKS. 


IHTRODUCTIOH. 

During  the  past  fifteen  or  twenty  years  the  Department  of  Agri- 
culture and  many  of  the  State  agricultural  experiment  stations  have 
been  devoting  much  time  to  the  study  of  apple  diseases  and  insects 
and  to  conducting  practical  experiments  in  their  control.  Much 
information  on  this  subject  has  been  accumulated  and  made  available 
for  the  use  of  orchardists  through  publications  and  correspondence, 
and  the  apple-growing  industry  of  the  country  has  been  enormously 
benefited  thereby.  The  increasing  losses  due  to  insects  and  diseases, 
following  their  more  general  dissemination  and  an  increased  food 
supply,  has  rendered  their  control  imperative  in  the  successful  grow- 
ing of  this  fruit,  and  perhaps  no  other  crop  derives  such  a  large  per- 
centage of  benefit  from  the  use  of  remedial  and  preventive  measures. 

Although  there  are  many  apple  growers  who  are  successfully  con- 
trolling the  diseases  and  insect  pests  of  their  crop,  perhaps  the  major- 
ity have  not  availed  themselves  of  the  remedies  at  hand,  or  are  not 
securing  satisfactory  results,  largely  owing  to  lack  of  sufficient  atten- 
tion to  details  or  to  imperfect  use  of  remedies.  While  some  benefits 
have  followed  careless  spraying,  the  results  in  many  cases  have  not 
appeared  to  warrant  the  necessary  outlay  in  expense  and  labor,  result- 
ing in  discouragement  to  the  grower  and  apparent  discredit  to  the 
recommendations.  Indeed,  some  fruit  growers  have  come  to  believe 
that  the  recommended  measures  are  entirely  without  merit. 

The  treatment  for  the  important  fungous  and  insect  troubles  of  the 
apple  mostly  takes  the  form  of  spraying,  and,  as  will  at  once  appear, 
great  variation  is  possible  in  the  comparative  thoroughness  with 
which  applications  may  be  made.  Good  results  also  depend  upon  the 
proper  preparation  of  sprays,  the  efficiency  of  the  pumps,  and  the 
time  applications  are  made.  It  is  seen,  therefore,  that  several  factors 
are  involved,  the  neglect  of  any  one  of  which  may  result  in  partial  or 
total  failure.  It  has  therefore  appeared  desirable  to  carry  the  work 
beyond  experimentation  and  actually  demonstrate  on  a  commercial 
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scale  to  orchardists  the  proper  use  and  eflBciency  of  control  measures 
that  have  been  evolved  from  careful  experiments. 

Accordingly,  work  of  this  character  was  planned  by  the  Bureau  of 
Plant  Industry  and  the  Bureau  of  Entomology  for  the  season  of  1906 
and  was  carried  out  in  apple  orchards  in  the  Ozark  regions  of  Arkansas 
and  Missouri,  in  the  latter  State  in  cooperation  with  the  Missouri 
State  Fruit  Experiment  Station.  Similar  work  was  also  carried  out 
in  several  counties  in  southeastern  Nebraska,  in  cooperation  with  the 
Nebraska  Agricultural  Experiment*  Station.  In  the  work  herein 
reported  the  writers  have  had  the  assistance  of  Messrs.  J.  B.  Rorer, 
F.  W.  Faurot,  and  Dudley  Moulton. 

SCOPE  OF  THE  WOBK. 

The  predominating  troubles  in  the  apple  orchards  of  the  Ozark 
region  are  apple  scab,  bitter-rot,  apple  blotch,  leaf-spot,  and,  among 
insects,  the  codUng  moth.  A  plan  of  treatment  was  formulated 
which  should  as  nearly  as  possible  give  protection  from  all  these  affec- 
tions, namely,  the  application  of  Bordeaux  mixture  and  an  arsenical 
at  such  times  as  a  knowledge  of  the  affections  indicated  that  spraying 
was  necessary. 

ThLs  work  in  Arkansas  was  conducted  in  Bentonville  and  vicinity, 
in  the  orchards  of  Mr.  H.  W.  Gipple,  Capt.  George  T.  Lincoln,  and 
Doctor  Alden.  In  the  Gipple  orchard  200  Ben  Davis  and  100  Winesap 
trees  were  sprayed.  In  the  Lincoln  orchard  250  trees,  about  equally 
divided  among  the  Jonathan,  Ben  Davis,  Gano,  and  Givens  varieties, 
and  in  the  Alden  orchard  200  Ben  Davis  trees  were  treated. 

In  Missouri  the  orchard  of  Fassnacht  Brothers,  at  Springfield,  and 
that  of  Mr.  J.  E.  Hansell,  at  Fordland,  were  selected.  In  the  Spring- 
field orchard,  75  Huntsman  and  200  Ben  Davis  trees  were  used,  and 
in  the  Fordland  orchard  400  Jonathan,  100  Gano,  and  a  few  Ben 
Davis  trees  were  treated. 

ORCHARD  CONDITIONS  IN  THE  OZARKS. 

The  growing  of  apples  in  the  Ozarks  has  within  comparatively 
recent  years  become  a  very  important  industry,  and  in  that  region  are 
to  be  found  some  of  the  largest  apple  orchards  of  the  country,  in  some 
instances  covering  from  500  to  1,000  acres.  As  a  rule,  however,  the 
orchards  are  much  smaller,  ranging  from  40  to  100  acres.  The  prin- 
cipal commercial  varieties  grown  are  Ben  Davis,  Gano,  Jonathan,  and 
Wuiesap,  the  Ben  Davis  and  Gano  varieties  predominating.  Trees 
are  generally  planted  about  30  feet  apart  and  come  into  bearing  early, 
usually  in  from  six  to  eight  years.  Growth  is  fairly  vigorous,  but 
trees  do  not  as  a  rule  reach  large  size,  in  part  due  to  their  early  bear- 
ing.    Many  orchards  have  not  had  adequate  cultivation,  but  have 
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been  pemiitted  to  grow  up  in  shrubs,  weeds,  and  briers.  The  effect  of 
this  neglect  was  generally  apparent  during  1906,  the  crops  in  neglected 
orchards  being  very  light  or  there  being  no  crop,  whereas  in  well- 
cared-for  orchards  the  yield  has  invariably  been  good. 

As  a  rule,  suflBicient  attention  has  not  been  given  to  the  control  of 
diseases  and  insects,  and  under  such  conditions  these  have  become 
quite  abundant  and  destructive.  While  numerous  orchardists  have 
supplied  themselves  with  spraying  outfits  and  have  sprayed  their 
tree^,  many  very  soon  abandoned  the  practice,  not  having  secured 
satisfactory  results.  The  principal  difficulty  appears  to  have  been 
lack  of  information  concerning  the  troubles  to  be  controlled  and  failure 
to  comprehend  what. constitutes  thorough  spraying. 

PLAN  OF  WOBK. 

A  plan  of  treatment  was  adopted  which  called  for  sprayings  with 
Bordeaux  mixture  having  an  arsenical  added,  except  in  the  first 
treatment,  as  follows:  * 

First  application,  when  cluster  buds  opened,  but  prior  to  blooming. 

Second  application,  as  petals  fell. 

Third  application,  seven  days  later. 

Fourth  application,  thirty  days  after  petals  fell. 

Fifth  application,  June  25. 

Sixth  application,  July  17. 

Seventh  application,  August  11. 

Specifically  these  treatments  were  designed  to  control  the  apple  scab, 
codling  moth,  leaf-spot,  apple  blotch,  and  bitter-rot,  all  of  which 
affections  are  quite  destructive  in  Ozark  orchards. 

The  early  treatments  were  for  the  apple  scab  and  the  first  genera- 
tion of  the  codling  moth.  The  later  treatments,  beginning  with 
June  25,  were  for  bitter-rot,  apple  blotch,  leaf-spot,  and  the  second 
brood  of  codling  moth. 

In  practice  it  was  not  found  possible  to  make  the  applications 
entirely  as  planned,  but  the  scheme  was  approximately  carried  out, 
as  will  be  detailed  in  the  consideration  of  the  respective  affections. 

BITTER-ROT.« 

INJURY. 

Bitter-rot  is  a  fangous  disease  of  the  apple,  which  causes  decay  of 
both  green  and  ripe  fruit,  rendering  it  unfit  for  market.  It  was 
reported  as  seriously  destructive  in  Illinois  as  early  as  1869,  and  with 
the  increased  development  of  the  apple  industry  since  that  date  it 

"For  a  more  extended  account  of  this  disease  and  successful  experiments  in  its  con-  » 
trol,  see  Bui.  93  of  the  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  by  W.  M. 
Scott. 
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has  appeared  at  irregular  intervals  with  increasing  severity  in  various 
sections  of.  the  more  southern  parts  of  the  apple  belt.  In  recent  years 
the  losses  from  this  malady  have  been  specially  severe,  amounting 
during  some  seasons  to  several  millions  of  dollars.  The  fact  that  it 
may  suddenly  attack  and  destroy  the  entire  crop  of  an  orchard  as  the 
fruit  approaches  maturity  has  brought  about  a  general  dread  or  the 
trouble,  and  has  caused  a  depreciation  in  the  value  of  orchards  in 
infested  regions. 

DESCBIPTIOX. 

The  disease  first  appears  on  the  fruit  as  very  minute  yellowish- 
brown  spots,  frequently  surrounded  by  purplish  or  reddish  areas. 
These  spots,  which  are  circular  in  oulUne,  gradually  enlarge,  assume  a 
dark  brown  color,  and,  owing  to  a  shrinking  of  the  invaded  tissue. 


Fig.  1.— a  Yellow  Newtown  apple  affected  with  bitter-rot,  and  a  mummified  fruit  of  the  preceding 

year's  crop.    ( From  Scott.) 

become  more  or  less  depressed.     By  the  time  the  spots  reach  one- 

ourth   to  one-half  inch  in  diameter,  minute,  black,  slightly  raised 

n'ti'nor  J  ic  mUc-  ^*inri*xi  to  appear,  arrnnged  in  mpre  or  less  concentric 

■  '9^^  ^rt^a]      hr'^uir\     ^He    skin,    discharging    pinkish 

•  •'  —  inr»«c  -kfVior  rings  of  j^ustules 

•  v,at    in  evidence  during 

■•  ,  -,    ..  .1..    v..^.i^»H  ^ff  hy  rains  and  are 

-.     •  -         .  im  cm<»ll  black 


^•'uently 
'"     '-e  fruit 

amerous 
•  ^iivl  envelop 
.i<^ir  individual 
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outline,  each  producing  its  concentric  rings  of  fruiting  pustules. 
Most  of  the  diseased  fruits  fall  to  the  ground  by  the  time  or  before 
they  are  half  decayed,  but  some  may  become  entirely  rotten,  dry  up 
in  a  mummified  condition,  and  hang  on  the  tree  for  a  year  or  more. 
This  disease  is  illustrated  in  figure  1 ,  which  shows  an  apple  affected 
with  bitter-rot  and  a  mummified  fruit  from  the  preceding  year's  crop. 

THE  CAUSE. 

The  familiar  spots  on  the  apple  known  as  bitter-rot  are  caused  by  the 
growth  in  the  tissues  of  the  fruit  of  the  fungus  GlomereUa  rufomaculans 
(Berk.)  Spauld.  and  v.  Schrenk.  The  infection  starts  from  very 
minute  spores,  which,  falling  on  the  surface  of  the  apple,  germinate  in 
the  presence  of  moisture,  and  the  resulting  tube-like  growth  penetrates 
the  skin  and  immediately  begins  to  branch  and  grow  rapidly,  destroy- 
ing the  invaded  tissue  and  soon  producing  the  circular,  brown,  sunken 
area  already  noted.  The  fungus  penetrates  toward  the  center  of  the 
apple  about  in  proportion  to  its  rate  of  growth  as  seen  on  the  surface, 
and  eventually  the  fruit,  as  it  decays,  becomes  filled  with  the  minute, 
almost  colorless  threads  of  the  fungus. 

After  a  time  spore-bearing  branches  of  the  fungjus  are  produced 
near  the  surface  of  the  diseased  spot,  and  these  soon  rupture  the  skin, 
giving  forth  pinkish  masses  of  spores  or  conidia,  by  which  the  disease 
is  principally  spread.  From  a  single  diseased  spot  are  produced  many 
millions  of  spores,  sufficient  to  furnish  infection  under  certain  con- 
ditions for  an  entire  orchard.  On  the  decayed  apples  which  have 
fallen  to  the  ground  the  perfect  stage  of  the  fungus  is  produced  during 
the  autumn  and  perhaps  also  the  following  spring.  This  stage  serves 
to  carry  the  fungus  over  winter  and  its  spores  are  perhaps  a  source  of 
infection  of  the  new  crop  of  apples.  With  the  warmth  and  moisture 
of  spring  and  early  summer  the  fungus  in  mummified  fruits  on  the 
trees  resumes  growth,  producing  conidia  or  summer  spores,  which 
serve  to  infect  the  new  crop. 

Canker. — The  bitter-rot  fungus  also  occurs  on  limbs  and  twigs  of 
the  apple  tree,  affecting  the  bark  arid  cambium  and  producing  what 
are  known  as  cankers.  The  diseased  area  is  sooty  black,  sunken,  and 
from  1  inch  to  several  inches  in  length,  and  the  bark  usually  becomes 
cracked.  Both  winter  and  summer  spores  are  f6rmed  in  these 
cankers,  which  doubtless  constitute  an  important  source  of  infection 
of  the  fruit. 

CLIMATIC  INFLUENCES. 

Bitter-rot  is  essentially  a  hot-weather  disease,  and  its  period  of 
infection  is  mostly  during  the  months  of  July,  August,  and  September. 
Injury  from  it  is  rarely  noticed  before  the  middle  of  June,  but  with 
27050— No.  283^-07 2 
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suitable  weather  conditions  it  becomes  increasingly  marked  as  the 
season  advances.  Hot,  showery  weather  is  ideal  for  the  development 
of  the  disease.  Moisture  is  necessary  for  the  germination  of  the 
spores,  and  a  high  temperature  favors  the  growth  of  the  fungus. 

DEMOXSTBATIOX  SPBAYINO  FOB  BITTEB-BOT  IN  ABKAXSAS. 

The  demonstration  work  was  done  at  Benton ville,  Ark.,  and  treat- 
ment for  bitter-rot  was  included  in  all  the  demonstration  spraying  at 
that  point,  but  only  the  results  obtained  in  the  orchard  of  Capt.  George 
T.  Lincoln  will  be  here  discussed  in  detail. 

This  orchard  was  not  at  first  selected  for  the  general  demonstration 
work,  and  it  was  not  until  July  10,  after  considerable  infection  of  the 
fruit  had  taken  place,  that  spraying  was  begun.  On  July  6  Captain 
Lincoln  called  our  attention  to  a  slight  outbreak  of  the  disease  on  his 
Jonathans,  and  upon  investigation  on  July  8  from  1  to  20  affected 
fruits  were  found  on  each  of  various  trees  of  the  Jonathan,  Gano,  and 
Ben  Davis  varieties,  and  on  July  10  as  high  as  50  diseased  fruits  per 
tree  were  counted  on  the  Jonathan  trees.  The  other  variety,  the 
Givens,  appeared  to  be  free  from  rot  at  that  time.  Arrangements 
were  immediately  made  with  Captain  Lincoln  for  spraying  a  block  of 
250  trees  about  equally  divided  among  the  four  varieties,  and  leaving 
6  trees  of  each  variety  untreated  as  checks.  Some  of  these  check 
trees  were  left  together'  in  two  rows  running  a  third  of  the  way 
through  the  block,  near  the  center,  while  the  others  were  distributed 
in  other  portions  of  the  block.  The  trees  were  ten  years  old  and  in 
good  condition,  having  been  thoroughly  pruned  and  well  cultivated, 
but  during  the  past  two  seasons  the  orchard  was  in  clover  sod. 

The  treatment. — The  entire  block,  excepting  the  check  trees,  was 
sprayed  with  Bordeaux  mixture  on  July  10,  July  26,  and  August  9, 
and  the  Givens  trees,  which  mature  their  fruit  some  three  to  four 
weeks  later  than  the  other  varieties,  received  an  additional  appli- 
cation on  August  27.  The  Bordeaux  mixture  was  composed  of  5 
pounds  of  copper  sulphate  and  5  pounds  of  lime'  to  50  gallons  of 
water,  to  which  2  pounds  of  arsenate  of  lead  were  added  for  pro- 
tection against  the  codling  moth.  The  trees  were  thoroughly  sprayed, 
especial  care  being  taken  to  reach  every  apple  so  far  as  practicable. 
For  the  first  two  applications  a  good  hand  pump,  mounted  on  a 
100-gallon  tank  and  equipped  with  two  30-feet  leads  of  half-inch 
hose  and  double  Vermorel  nozzles,  was  used.  The  other  applications 
were  made  with  a  gasoline-power  sprayer,  with  a  200-gallon  tank, 
three  35-feet  leads  of  f-inch  hose,  and  triple  Vermorel  nozzles,  a 
tower  being  employed  to  reach  the  tops  of  the  trees. 

The  results. — Although  the  disease  was  well  established  in  the 
orchard  before  treatment  was  begun,  the  results  were  quite  good; 
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exceeding  expectations.  The  spread  of  tha  disease  was  immediately 
checked  by  the  first  spraying  and  held  under  control  by  the  succeeding 
applications.  The  invisible  infections  that  had  taken  place  before 
the  treatment  was  begun  developed  into  rotten  spots  under  the  coat- 
ing of  Bordeaux  mixture,  and  a  few  fresh  infections  took  place  just 
before  the  crop  was  picked,  the  mixture  having  been  partly  washed 
off.  On  the  other  hand,  the  disease  continued  to  develop  on  the 
unsprayed  trees,  new  infections  taking  place  from  time  to  time 
through  the  season,  so  that  very  little  sound  fruit  was  left  on  these 
trees  at  picking  time.  Rains  occurred  at  frequent  intervals,  fur- 
nishing ample  moisture  for  infection. 

The  apples  from  6  sprayed  trees  and  3  unsprayed  or  check  trees  of 
each  variety  were  classified  into  rotten  and  sound  fruit,  the  term 
''sound''  applying  to  all  fruits^not  affected  with  bitter-rot.  The 
windfalls  were  included,  and  the  apples  of  each  class  were  both 
counted  and  measured.     The  results  are  shown  in  Tables  1  to  4: 

Table  1. — Comparison  of  sound  and  bitter-rot  affected  fruit  froTti  sprayed  and  unsprayed 
trees  of  the  Jonathan  variety,  Lincoln  orchard,  Bentonville,  Ark.,  1906.  Fruit  picked 
August  Jit)  and  SO. 


Date  dI  ipmyluff  and  imi  numU-r. 

ywd. 

Sound 
apples. 

J'eiCTnt- 
ftReof 
iouiid 
frutt. 

Trees  sprayed  July  iO  iiijd  asutitl  Au^ntO: 

No.  1 .__.._..„_ _,.  . 

Bu9hH». 

m7o 

lft26 

m7*s 
laafJ 

13l7ti 

101.30 

i87S 

iS7fi 
21.  JO 

1.278 

1,563 

l,S2fl 

7« 

i,:»4 

8,674 

136 
ISS 

144 

1fl3 

n 
wo 

l-27fl 
l,B70  , 
1,2W 
i244 

m.f^ 

No.  2 

f4&05 

No.  3 .., .      . 

fMX^f 

No.  4 , ,.,„ , 

K7.gi 

No.  5 „ . 

9S.7Q 

No.  « ...,, „, 

#7.110 

Nos.  1  to  6 com blnrfi ^-  ^^.  ...  ^ +  .  ^  . 

W.7V 

Trees  not  sprayed: 

►  23 

B , 

7.47 

c :: . . .          ::::::::      ■    ■>- 

3.70 

A,  B,  and  C  combltied 

LU 

Table  1  shows  the  results  from  6  sprayed  Jonathan  trees,  sepa- 
rately and  combined,  and  3  unsprayed  trees  of  the  same  variety, 
separately  and  combined.  It  will  be  noted  that  the  average  per- 
centage of  sound  fruit  from  the  sprayed  trees  is  89.76,  while  that  of 
the  3  unsprayed  trees  is  4.24,  the  crop  from  the  latter  being  almost 
entirely  lost.  It  will  be  remembered  that  the  Jonathan  trees  were 
the  first  to  become  infected,  as  many  as  50  diseased  fruits  having  been 
found  on  some  trees  at  the  time  of  the  first  application,  and  perhaps 
others  had  invisible  points  of  infection.  This  largely  accounts  for 
the  10  per  cent  of  loss  sustained  on  the  sprayed  trees.  Indeed,  it  was 
not  expected  that  such  a  high  percentage  of  sound  fruit  could  be 
obtained  after  the  disease  had  gained  such  a  foothold. 


288 


12 


Table  2. — Comparison  of  sound  and  bUter-rol  affected  fruit  from  sprayed  and  unsprayed 
trees  of  the  Gano  variety ^  Lincoln  orchard,  Bentonville,  Ark.j  1906.  Fruit  picked 
September  6. 


Date  of  spraying  and  tree  number. 

Yield. 

Sound 
apples. 

Diseased 
apples. 

Percent- 
age of 
sound 
fruit. 

Trees  sprayed  July  10  and  23  and  August  9: 

No.  1 

Bushels. 
22.50 
19.26 
ia26 
21.52 
12.25 

aoo 

9a  79 

17.64 
2L76 
15l52 
54.82 

Number. 
1,877 
1,504 
1,061 
1,711 
1.791 
1,170 
9,224 

841 

520 

26 

1,387 

Number. 
6 
2 
24 
17 
4 
10 
63 

560 
1,123 
1.242 
2,925 

99.68 

No.  2 

90.87 

No.  3 

97.82 

No.  4 

99.01 

No.  5 

99.77 

No.  6 

99. 15 

Nos.  1  to  6  combined 

99.32 

Trees  not  sprayed: 

eao2 

B 

31.64 

C 

2.  a*) 

•    A,  B,  and  C  combined 

32. 10 

Bitter-rot  was  not  so  severe  on  the  Gano  as  it  was  on  the  Jonathan 
trees,  but  the  crop  on  some  of  the  unsprayed  trees  of  the  former 
variety  was  scarcely  worth  picking.  As  seen  in  Table  2,  99.32  per 
cent  of  the  crop  from  6  Gano  trees  was  free  from  the  disease,  while 
only  32.16  per  cent  of  sound  fruit  was  obtained  from  the  3  checks. 

Table  ',\. —  Comparison  of  sound  and  bitter-rot  affected  fruit  frotn  sprayed  and  unsprayed 
trees  of  the  Ben  Davis  variety,  Lincoln  orchard,  Bentonville,  Ark.,  1906.  Fruit  picked 
September  17. 


Date  of  spraying  and  tn^o  number. 


Trees  sprayed  July  10  and  23  and  August  10: 

No.  1 

No.  2 

No.3 

No.  4 

No.  5 

No.  6 

Nos.  1  to  6  combined 

Trees  not  sprayed: 

A 

B 

C 

A,  H,  and  C  combined 


Yield. 


Sound 
apples. 


Bushels. 
18.73 

lass 

a36 
11.34 
4.00 

lasi 

70.62 

2.ti0 
9.64 
11.88 
24. 12 


Percent - 
Diseased      age  oi 
apples.    !    sound 
fruit. 


(«.  73 
99.33 
96.37 
98.06 
99.6:) 
91.50 
96.90 

2.19 
5.94 
10.66 
7.05 


Number. 

Number. 

2,101 

27 

1,793 

12 

825 

30 

1,524 

30 

541 

2 

1,906 

177 

8,690 

278 

-     18 

801 

92 

1,456 

169 

1,416 

279 

3,673 

In  Table  3  the  results  from  the  treatment  of  the  Ben  Bavis  trees 
are  given,  the  6  sprayed  trees  yielding  an  average  of  96.9  per  cent  of 
sound  fruit  and  the  3  check  trees  only  7.05  per  cent.  Practically  the 
entire  crop  of  the  unsprayed  trees  was  lost,  while  the  sprayed  fruit 
suffered  very  little.  This  result  is  remarkably  good  for  three  appli- 
cations, and  such  results  can  not  be  expected  except  after  the  most 
thorout'h  work. 
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Pable  4. — Comparison  of  sound  and  bitter-rot  affected  fruit  from  sprayed  and  unsprayed 
trees  of  the  Givens  variety j  Lincoln  orchardj  Bentonvillej  Ark.,  1906.  Fruit  picked 
October  8  and  If. 


Date  of  spraying  and  tree  number. 


Trees  sprayed  July  10  and  23  and  August  9  and  27 

No.  1 

No.  2 

No.  3 

No.  4 

No.  6 

No.  6 

Nos.  1  to  6  combined 

Trees  not  sprayed: 

b!  !!!!!!!!!!!!!!!!!!!!!!] ]!!!]!!!!!^!!!!! !!!!!! 
c 

A,  B,  and  C  combined 


Yield. 

Sound 
apples. 

BuBheU. 

Number. 

19.86 

2,341 

21.62 

3,102 

2a  00 

2,650 

16.02 

1,922 

21.26 

2,017 

17.82 

2,271 

119.48 

14,312 

4.75 

3 

6.88 

212 

a25 

295 

14.88 

510 

Diseased 
apples. 


Percent- 
age of 
sound 
fruit. 


JVuni6er. 
Ill 
69 
10 
8 
7 

26 
231 

2,266 

1,518 

660 

4,444 


9&43 
97.82 
99.62 
99.58 
99.65 
96.80 
98.41 

.10 
12.25 
30.89 
ia29 


The  Givens,  being  a  late-maturing  variety,  was  not  picked  until 
October  8  and  12,  two  weeks  later  than  the  Ben  Davis  and  six 
weeks  later  than  the  Jonathan.  Therefore,  in  order  to  carry  the  crop 
through  the  season  safely  it  was  given  an  additional  spraying  on 
August  27.  As  seen  in  Table  4,  the  results  were  98.41  per  cent  of 
sound  fruit  from  the  6  sprayed  trees  and  10.29  per  cent  of  sound  fruit 
from  the  3  unsprayed  trees. 

The  above  are  four  examples  of  almost  complete  protection  against 
bitter-rot  by  the  thorough  application  of  Bordeaux  mixture,  and 
fully  corroborate  the  results  obtained  in  the  experiments  in  the  con- 
trol of  this  disease  conducted  in  Virginia  in  1905.  It  would  appear 
that  there  is  no  longer  a  reasonable  excuse  for  the  severe  losses  from 
this  disease. 

Cost  of  treatments. — In  Captain  Lincoln's  orchard  only  400  gal- 
lons of  mixture  were  required  for  one  spraying  of  200  trees,  and 
the  work  was  accomplished  with  four  men  and  one  team  in  one-half 
.day.  The  40  pounds  of  bluestone  at  8  cents  a  pound  cost  $3.20  and 
the  same  amount  of  lime  at  one-half  cent  a  pound  cost  20  cents.  The 
four  men,  at  $1.25  a  day  each,  cost  for  the  half  day  $2.50,  and  the  team 
cost  $1  for  the  half  day.  This  aggregates  $6.90  for  spraying  200 
trees,  or  a  little  less  than  3i  cents  a  tree  for  one  application.  This 
makes  a  total  cost  of  lOi  cents  a  tree  for  the  three  applications  given 
to  the  Jonathan,  Gano,  and  Ben  Davis  trees,  and  14  cents  a  tree  for 
the  four  applications  that  the  Givens  variety  received.  This  is  the 
cost  of  the  bitter-rot  treatment  alone;  if  the  cost  of  the  arsenate  of 
lead  used  for  protection  against  the  codling  moth  be  included,  IJ 
cents  per  tree  for  each  application  should  be  added. 

It  will  be  seen  from  the  tables  that  the  sprayed  trees  averaged 
upward  of  4  barrels  to  a  tree,  but  being  only  10  years  old  and  well 
pruned  they  were  easily  sprayed  and  the  cost  of  treatment  was  less 
than  would  be  required  for  older  trees. 
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BBCOMMENDATIOHS. 

Although  excellent  results  were  obtained  from  three  sprayings  in 
the  case  of  the  Jonathan,  Gano,  and  Ben  Davis  varieties,  experience 
elsewhere  has  shown  that  it  is  hot  always  safe  to  rely  on  so  small  a 
number  of  applications.  The  work  here  was  done  just  at  the  right 
time,  except  the  late  beginning  on  the  Jonathan,  and  with  a  thor- 
oughness that  is  not  ordinarily  secured  in  general  orchard  spraying. 
The  first  application  was  made  dangerously  late,  so  that  only  two 
subsequent  sprajrings  were  required  to  cover  the  infection  period.  In 
the  treatment  of  a  larger  orchard,  requiring  a  week  or  more  to  cover 
it,  such  a  late  beginning  might  prove  disastrous. 

It  is  therefore  recommended  that  four  sprayings  at  intervals  of  two 
to  three  weeks,  beginning  about  six  weeks  after  the  petals  fall,  be 
made  where  bitter-rot  alone  is  to  be  treated.  In  order  to  get  the  fruit 
thoroughly  covered  with  the  spray  before  infection  takes  place  the 
second  application  should  follow  the  first  witKin  two  weeks,  while  the 
intervals  between  the  subsequent  applications  may  be  extended  to 
three  weeks  unless  the  season  be  unusually  wet  and  warm.  Bor- 
deaux mixture,  made  of  5  pounds  of  bluestone  and  5  pounds  of  lime  to 
50  gallons  of  water,  seems  best  for  this  disease,  but  the  4-6-50  f ormula** 
gives  satisfactory  results,  especially  where  a  larger  number  of  applica- 
tions are  made  for  the  combined  treatment  of  bitter-rot  and  other 
troubles. 

APPLE  BLOTCH. 

OCCTJBItENCE. 

During  the  past  several  years  the  Department  of  Agriculture  has 
received  specimens  of  apples  affected  with  a  fungus  (Phyllosticta  sp.) 
causing  blotches  or  spots,  which  so  disfigure  the  fruit  as  to  render  it 
unmarketable.  This  disease  has  been  variously  known  as  ''Phyllos- 
ticta,'^ ''black-scab,^'  "late-scab,''  "cancer,"  and  "fruit-blotch." 

The  records  of  the  Department  show  that  apples  affected  with  this 

disease  have  been  received  from  Virginia,  Maryland,  New  Jersey, 

Ohio,  Nebraska,  Kansas,  Missouri,  Arkansas,  Oklahoma,  Indian  Ter- 

oryr  «^''  T«Yfts.     It  has  also  been  recorded  from  southern  Illinois 

'li^  hough  a^^oearing  to  have  rather  a  wide  distribution, 

•     ^"^'    ^^>^"^      '  ention.     This  is  perhaps  due  largely  to 

.  o-ilifioc  if  hpo  ^^     -opp  Q  serious  pest 

-  -  *• '  t  •.    ^         .    ;he  ordinary 

'  '  ..<..-  ,tie  orchards 

.. —     -  •      .  -     »«  the  season 

•  /  "  <    •  .  ^les  from 


..IP  -^f  water. 
".  B,  fig.  1. 
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BESTBXXCTIVENESS. 

The  serious  nature  of  apple  blotch  became  apparent  during  the  p^,st 
season  in  southern  Missouri  and  northwestern  Arkansas,  where  50  to 
90  per  cent  of  the  apple  crop  was  destroyed  by  it  in  a  large  number  of 
orchards.  During  the  month  of  September  an  examination  of  a 
dozen  orchards  in  Benton  County,  Ark.,  showed  the  following  esti- 
mated percentages  of  the  crops  affected  by  this  disease: 

Number  of  trees  and  percentage  of  affected  fruit. 


Orchard  number. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

25,000 
75 

11. 

500 
80 

12. 

Number  of  trees           ... 

800 
50 

1,000 
40 

2,000 
80 

4,000 
75 

1,000 

go 

1,500 
90 

1,500 
50 

500 
15 

500 
90 

1,000 
75 

Percentage  of  affected  fruit 

These  orchards  are  located  at  widely  separated  points  in  the  county, 
and  the  table  fairly  represents  the  conditions  that  obtained  in  un- 
sprayed  orchards  throughout  that  section.  Where  the  injury  ran 
over  75  per  cent  of  the  crop  no  attempt  was  made  to  pick  and  barrel 
the  fruit.  It  was  usually  shaken  off  and  taken  to  the  evaporators. 
Practically  all  of  the  fruit  affected  with  this  disease  was  unfit  for  bar- 
reling, but  the  larger  percentage  of  it  made  good  evaporator  stock. 

The  season  was  unusually  wet,  which  may  account  in  part  for  this 
serious  outbreak.  According  to  the  statements  of  a  number  of  promi- 
nent apple  growers  of  Arkansas,  the  disease  has  been  a  serious  pest 
in  that  State  for  at  least  four  years,  but  the  severity  of  the  outbreak 
dimng  the  past  season  is  probably  unusual. 

DESCBIPTIOX. 

The  disease  known  as  blotch  first  appears  on  the  surface  of  the  appie 
as  a  small  irregular  brown  spot,  which  slowly  increases  in  size  until, 
after  several  weeks,  it  reaches  one-fourth  to  one-half  inch  in  diameter. 
Although  the  general  outline  of  the  spot  is  circular  the  margin  is 
broken  and  fringed,  with  a  radiating  appearance,  suggesting  the  name 
^^ blotch."  (See  fig.  2.)  When  the  diseased  area  reaches  about 
one-eighth  to  one-fourth  inch  in  diameter  several  raised  points  (fruit- 
ing bodies)  appear  at  and  near  the  center.  These  points  are  dark 
brown  at  the  apex,  shading  off  into  a  light  brown  at  the  base.  As 
the  disease  advances  these  bodies  become  more  numerous,  and 
although  arranged  somewhat  in  groups  they  are  scattered  rather  pro- 
miscuously over  the  blotch.  In  some  instances  these  bodies  may 
uplift  the  skin  of  the  apple  in  such  a  way  as  to  form  drab-colored 
bUsters.  The  diseased  area  is  rather  superficial  and  shghtly  depressed 
and  the  epidermis  becomes  very  hard. 
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Several  blotches  may  occur  on  the  same  fruit,  and  in  the  Ozarks 
during  the  past  season  it  was  not  uncommon  to  find  20  to  50  blotches 
on  a  single  apple,  covering  practically  the  entire  surface.  The  tissues 
of  the  invaded  area  being  dwarfed  by  the  action  of  the  fungus,  further 
growth  of  the  apple  results  in  a  cracking  of  the  fruit  similar  to  that  pro- 
duced by  the  apple  scab  fungus.  The  cracks  range  from  one-foiu1;h  to 
1  inch  in  length  and  frequently  extend  almost  to  the  center  of  the  apple. 
In  extreme  cases  a  crack  may  almost  encircle  the  apple,  practically 
dividing  it  in  half,  and  one  crack  may  intersect  another,  forming  a 
cross.  Fruits  only  slightly  affected  with  the  disease  niay  go  through 
the  season  without  developing  cracks.  These  are  more  commonly 
developed  shortly  before  the  fruit  matures,  though  a  few  may  occur 
earlier  in  the  season.     The  skin  being  thus  broken,  the  fruit  becomes 

an  easy  prey  to  other 
fungi  and  soon  goes  down 
in  decay.  As  a  rule  the 
affected  fruit  drops  pre- 
maturely, and  the  un- 
sprayed  Ben  Davis  trees 
left  as  checks  in  the 
demonstration  blocks  at 
Benton ville,  Ark.,  shed 
50  per  cent  of  their  crop 
some  days  before  picking 
time. 

PERIOD  OF  INFECTIQN. 

Infection  does  not  be- 
gin to  take  place  until 
the  fruit  is  nearly  half 
grown.  The  blotch  was 
first  observed  on  the  check  trees  June  26,  and  only  a  few  affected 
fruits  could  be  found  on  that  date.  On  July  16  a  large  percentage  of 
the  Ben  Davis  apples  was  affected,  and  by  the  middle  of  August  it 
was  clearly  seen  that  the  crop  was  practically  lost.  It  developed  first 
on  fruit  on  the  lower  branches  and  within  the  shaded  portions  of  the 
tree,  but  finally  spread  to  almost  the  entire  crop. 

THE  CAUSE. 

Apple  blotch  appears  to  be  the  same  disease  as  that  described  from 
Illinois  byCHnton"  as  due  to  an  undescribed  fungus,  belonging  to 
the  ^enus  Phyllosticta.  This  fundus  is  under  investigation  by  Messrs. 
Rorer  and  Scott,  of  the  Bureau  of  Plant  Industry,  who  expect  to 
report  on  it  at  the  end  of  another  season. 


Fig.  2.— a  Maiden  Blush  apple  affected  with  apple  blotch. 
(Original.) 


o  University  of  Illinois  Agric.  Exp.  Sta.  Bui.  69,  pp.  190-192,  PI.  B,  fig.  1. 
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DEMONSTRATION  SPRAYING  FOR  APPLE  BLOTCH  IN  ARKANSAS. 

The  treatment. — As  stated  above,  the  apple  blotch  appeared  to  a 
disastrous  extent  in  some  of  the  demonstration  blocks.  Excellent 
opportunities  were,  therefore,  afforded  for  observing  the  effect  of 
spraying  with  Bordeaux  mixture  in  the  control  of  this  disease  in  con- 
nection with  the  spraying  in  the  Gipple  orchard  at  Bentonvilje,  Ark. 
One  hundred  Ben  Davis  trees,  18  years  old,  fairly  vigorous  and  in 
good  condition,  were  used,  of  which  number  24  trees  were  set  aside 
as  checks  and  left  untreated.  A  block  of  100  Winesap  trees  was  also 
used  in  the  demonstration  work,  but  as  the  apple  blotch  did  not 
develop  to  a  serious  extent  on  this  variety,  only  the  results  obtained 
on  the  Ben  Davis  block  will  be  reported  here. 

The  trees  were  sprayed  with  Bordeaux  mixture  on  May  4  (about 
four  days  after  the  petals  had  fallen),  May  8,  June  12,  June  26, 
July  17,  and  August  4,  making  six  applications  in  all.  This  orchard 
was  reached  late,  and  the  two  early  applications  were  made  only 
four  days  apart  in  order  to  thoroughly  poison  the  fruit  for  the  codling 
moth  before  the  calyx  lobes  closed,  and  for  protection  against  apple 
scab.  The  formula  of  Bordeaux  mixture  used  was  4  pounds  of  blue- 
stone  and  6  pounds  of  lime,  with  the  addition  of  2  pounds  of  arsenate 
of  lead,  to  50  gallons  of  water. 

The  results. — The  crop  was  picked  from  September  19  to  27,  and 
the  fruit  from  each  of  the  several  sprayed  and  unsprayed  trees  was 
classified  according  to  injury  from  scab,  apple  blotch,  bitter-rot, 
black-rot,  and  the  codling  moth,  the  affected  apples  being  counted 
in  each  case.  The  crop  from  the  remaining  trees,  sprayed  and 
unsprayed,  was  simply  classified  as  merchantable  and  unmerchant- 
able fruit,  as  shown  later  (p.  33).  The  windfalls  were  included  in 
the  counts,  so  that  practically  ever}'  apple  produced  by  the  trees  was 
taken  into  account.  The  first  count  of  windfalls  was  made  on  August  4 
in  order  to  get  their  classification  before  thej  decayed,  and  the  fruit  that 
fell  subsequently  was  classified  at  the  time  the  crop  was  harvested. 

The  results  of  the  treatments  in  controlling  the  apple  blotch  are 
shown  in  Table  5. 

Table  5. — Comparison  of  sound  fruit  ana  fruit  affected  with  apple  blotch  from  ,?  sprayed 
and  .i  unsprayed  Ben  Daris  trees,  GippIe  orchard,  BentonviUe,  Ark.,  1906.  Fruit 
picked  September  19  to  27. 


Tree^ 
12,  2t 

No.  1. 
17.0 

sprayed  Mav  4  8,  June 
,  July  17,  and  August  4. 

Nos.  1  to 
No.  2.     No.  ?,.     3  com- 
1    bined. 

Trees  not  sprayed. 

A. 

B. 

5.85 

226 

853 

20.94 

A,  B,  and 
C.         C  com- 
bined. 

Total  bushels 

18.3         19.5            54.8 

14.5 
872 
1,887 
31.60  ' 

3. 19            2.3.  54 

Number  of  sound  apples 

Number  of  diseased  apples 

Percentage  of  sound  fruit 

2,145 

140 

03.87 

2,r.l7       2. 049           7,411 
320  j        254              714 
89.1  '    91.25           91.21 

72            1,170 

568  ■          3.308 

11.25            26.12 

27050— No.  283—07- 
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As  shown  in  Table  5,  about  90  per  cent  of  the  crop  from  the  sprayed 
trees  remained  free  from  the  apple-blotch  disease^  while  about  75  per 
cent  of  the  crop  of  the  unsprayed  trees  was  destroyed  by  it.  This 
fairly  represents  the  conditions  as  they  existed  throughout  the  block, 
as  shown  by  the  comparative  commercial  yield  of  the  sprayed  and 
unsprayed  trees  given  later  (p.  33).  It  will  be  noted,  however,  that 
in  spite  of  the  spraying  nearly  10  per  cent  of  the  crop  was  affected, 
but  the  diseased  spots  were,  as  a  rule,  very  small,  and  in  many  cases 
scarcely  noticeable.  They  were  mainly  on  apples  that  were  on  low- 
hanging  branches,  well  in  toward  the  trunk  and  protected  from  the 
spray  by  the  outer  branches.  In  cases  where  only  one  side  of  an 
apple  was  reached  by  the  spray,  owing  to  some  obstruction,  the  spots 
developed  on  the  unsprayed  side.  This  emphasizes  the  importance 
of  driving  the  mixture  into  all  parts  of  the  tree  in  order  tospray  every 
apple  thoroughly.  Since  the  period  of  itifection  is  about  the  same  as 
that  of  bitter-rot,  it  appears  that  the  same  treatment  is  applicable  to 
both  diseases.  In  connection  with  some  bitter-rot  experiments  con- 
ducted in  the  same  orchard^  it  developed  that  the  early  applications 
were  not  necessary  for  the  control  of  apple  blotch.  In  fact,  trees  that 
were  sprayed  May  4,  May  8,  June  12,  and  June  27  had  46.6  per  cent 
of  the  crop  affected  with  apple  blotch,  showing  that  these  applications 
gave  only  slight  protection  against  this  disease. 

RECOMMENDATIONS. 

Make  four  applications  of  Bordeaux  mixture  at  intervals  of  two 
weeks,  beginning  about  six  weeks  after  the  petals  fall.  This  corre- 
sponds exactly  with  the  treatment  for  bitter-rot,  and  the  two  dis- 
eases may,  therefore,  be  controlled  with  the  same  applications. 
However,  as  apple  blotch  seems  rather  more  difficult  to  control  than 
bitter-rot,  in  sections  where  severe  outbreaks  occur  treatment  should 
perhaps  begin  a  week  earlier  and  be  continued  later,  making  five  appli- 
cations in  all.  So  far  as  the  writers  know,  these  are  the  first  experi- 
ments in  which  this  disease,  when  occurring  on  the  fruit,  has  been 
successfully  contrmled. 

LEAF-SPOT  DISEASES. 

There  are  several  species  of  fungi  that  attack  apple  leaves,  produc- 
ing brown,  circular  spots  that  range  from  mere  specks  to  spots  one- 
fourth  of  an  inch  in  dianieter  and  in  some  cases  much  larger,  as  shown 
in  figure  3.  The  disease  may  V)egin  to  appear  in  the  spring  soon  after 
tlie  young  leaves  unfold,  but  the  spots  are  usually  more  j)rominent 
between  niidsuninier  and  the  end  of  the  season.  This  diseased  con- 
dition causes  tlie  leaves  to  drop  prematurely,  frequently  leaving  the 
trees  denuded  in  early  autumn,  six  weeks  or  two  months  before  the 
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normal  period  of  leaf  fall.  Trees  thus  deprived  of  their  foliage  cease 
activity,  and  as  a  result  the  fruit  is  small  and  not  properiy  matured; 
the  buds  for  the  crop  of  the  following  year  are  weakened  and  in  some 
cases  not  fully  developed,  and  the  life  of  the  tree  is  materially  short- 
ened. These  leaf  diseases  are  partly  responsible  for  the  failure  of  the 
trees  to  produce  crops  and  for  the  early  decline  of  the  orchard. 


Fig.  3.--Apple  leaves  affected  with  leaf-spot  diseases.    (Original.) 
THE  CAUSE. 

Ijeaf  spots  are  due  to  several  different  fungi,  perhaps  the  most 
prominent  of  which  is  a  species  of  Phyllosticta.  A  species  of  Hen- 
dersonia  and  the  ordinary  black-rot  fungus,  Spliseroiysis  malorumy  are 
found  in  connection  with  some  of  these  spots  and  may  be  responsible 
for  the  injury  in  some  cases.  Other  fungi  are  also  frequently  present 
in  the  dead  areas,  and  it  is  not  always  clear  which  are  the  real 
parasites. 

RESULTS  OF  TREATMENT. 

One  of  the  most  striking  results  of  spraying  an  apple  orchard  is  the 
eflFect  on  the  foliage.  These  leaf  diseases  are  largely  prevented  by 
applications  of  Bordeaux  mixture,  and  the  foliage  remains  fresh  and 

288 


20    - 

green  long  after  unsprayed  trees  are  defoliated.  This  was  true  of  all 
the  demonstration  blocks  in  the  Ozarks  during  the.  past  season.  The 
unsprayed  trees  began  to  shed  their  feaves  in  July  and  were  practi- 
cally defoliated  by  the  last  of  August,  a  month  before  the  time  to  pick 
the  crop. 

BECOMMENDATIOXS. 

The  treatment  recommended  for  bitter-rot  and  apple  blotch  will 
largely  prevent  these  leaf  troubles  and  hold  the  foliage  in  good  condi- 
tion until  frost.  It  is  true  that  some  of  the  leaves  become  affected 
soon  after  they  unfold  in  the  spring,  but  the  trouble  does  not  usually 
become  serious  before  midsummer,  and  the  four  applications  of  Bor- 
deaux mixture  for  bitter-rot  at  intervals  of  two  to  three  weeks,  begin- 
ning about  six  weeks  after  the  blossom^  are  shed,  appear  to  give 
reasonable  protection.  However,  the  earlier  applications  usually 
necessary  for  the  control  of  apple  scab  and  the  codling  moth  aid  in 
the  control  of  leaf -spot  diseases,,  and  when  these  are  made,  only  one  or 
two  of  the  later  sprayings  are  necessary.  When  it  is  desired  to  spray 
for  leaf-spot  diseases  only,  the  first  application  should  be  made  about 
two  or  three  weeks  after  the  petals  have  fallen,  and  a  second  about 
seven  weeks  later.  These  two  applications,  if  thoroughly  made,  will 
usually  hold  the  foliage  in  good  condition. 

APPLE  SCAB. 
INJURY. 

The  apple  croj)  of  the  United  States  suffers  a  greater  loss  by  far 
from  the  attacks  of  scab,  caused  by  Venturia  insequalis  (Cke.)  Ader, 
than  from  any  other  fungous  disease  to  which  this  fruit  is  subject.  It 
often  affects  50  to  75  per  cent  of  the  crop  over  wide  areas,  and  is  not 
infrequently  responsible  for  total  failures  by  killing  the  young  fruits 
when  in  blossom  or  soon  thereafter,  and  by  rendering  the  fruit  too 
unsightly  for  the  market. 

Scab  has  a  wide  distribution,  being  exceedingly  serious  in  New 

England,  the  Middle  Atlantic  vStates,  the  Mississip])i  and  Ohio  valleys, 

and  tlu*  Pacific  Northwest.     In  these  regions  it  is  almost  impossible 

to  obtain  cr()]>s  reasonably  free  from  scab  without  spraying.     Indeed, 

so  great  is  the  damage  done  by  this  fungus  and  the  codling  moth 

that  the  ])ercentage  of  strictly  first-class  fruit  j^laced  on  the  market 

is  ([uite  small,  the  great  bulk  of  the  crop,  as  a  rule,  being  only  second 

class. 

DESCRIPTION. 

The  scabby  spots  that  a])])ear  on  the  fruit  are  so  familiar  to  apple 
growers  that  a  description  here  is  almost  superfluous.  They  are 
circular,  rough,  somewhat  irregular  in  outline,  grayish  or  olive-green 
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in  color,  becoming  black  when  older,,  and  range  in  size  from  mere 
specks  to  sfK)ts  one-fourth  to  one-half  inch  in  diameter.  Two  or 
more  spots  may  coalesce,  forming  large,  irregular  scabby  areas.  The 
ruptured  skin  of  the  apple  usually  persists  around  the  margin  of  the 
spot,  leaving  a  light-colored  ring  at  the  border  of  the  healthy  tissue. 
Young  fruits  affected  with  this  disease  may  become  pitted,  one- 
sided, and  otherwise  distorted,  and  in  severe  cases  the  fruit  becomes 
cracked,  as  shown  in  figure  4.  The  fimgus  may  attack  and  destroy 
the  blossoms  and  even  the  unoj^ned  buds;  the  flower  stalks  may 
become  so  weakened  by  the  dis- 
ease that  the  young  fruit  drops 
off.  The  disease  also  appears  on 
both  sides  of  the  leaves  and  on 
the  leaf-stalks  in  the  form  of 
smoky  brown  patches,  which  be- 
come swollen  and  blister-like. 
It  often  causes  the  leaves  to  curl 
more  or  less  and  results  in  the 
premature  shedding  of  the  foli- 
age. The  scab  first  appears 
early  in  the  spring  on  the  young 
buds  and  unfolding  leaves,  and 
new  infections  may  continue 
to  take  place  tlu*oughout  the 
season. 

THE  CAUSE. 

Apple  scab  is  due  to  the  pres- 
ence of  the  fungus  Venturia  in- 
sequalis  (Cke.)  Ader,  which  grows 
beneath  the  cuticle  of  the  leaves 
and  fruit,  invading  the  superficial 
cells  with  its  branching  threads. 
In  a  short  time  the  fungus  gives 
rise  to  groups  of  small  stalks, 
which  break  tlirough  the  cnitirle,  or  skin,  and  give  forth  numerous 
minute  olive-colored  spores.  Thos(^  sj^oros  are  blown  about  by  the 
wind,  and  it  is  by  means  of  these  wind-dispersed  spores  that  the 
infection  takes  place.  The  fungus  is  carried  over  w'nter  in  the  dis- 
eased leaves  on  the  ground,  wliere  spores  of  the  j)erfect  stage  are 
produced,  wliich  are  discharged  in  early  spring  as  the  young  leaves 
and  fruit  buds  begin  to  o])en.  Tliese  winter  spores  start  the  infec- 
tion, which  is  further  spread  by  the  summer  spores,  soon  produced 
by  the  new  scab  spots. 
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Fig.  4.— Apples  badly  affected  with  scab. 
(Original.) 
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RESULTS  OF  TREATMENT. 

The  treatment  for  apple  scab  has  been  known  for  a  number  of 
years.  It  was  worked  out  fully  by  the  Bureau  of  Plant  Industry  m 
1891-1893  in  experiments  carried  on  in  the  State  of  New  York. 
Certain  progressive  apple  growers  have  known  that  thorough  applica- 
tions of  Bordeaux  mixture  just  before  the  trees  bloom,  and  again  as 
soon  as  the  petals  have  fallen,  will  largely  prevent  this  disease. 

The  scab  was  not  serious  in  the  Ozark  region  during  the  past  season, 
and  unsprayed  trees  showed  but  slight  infections.  On  this  account 
the  results  from  spraying  in  the  demonstration  orchards  are  not 
considered  of  sufficient  importance  to  present  here.  It  may  be  worth 
while,  however,  to  give  some  results  in  controlling  scab  obtained  in 
the  orchard  of  the  Morton  estate  at  Nebraska  City,  Nebr.,  in  connection 
with  a  spraying  experiment  conducted  by  the  Department  of  Agricul- 
ture during  the  past  season,  devoted  to  codling  moth  as  well  as  scab. 

There  were  13  different  plots  of  6  trees  each  and  12  checks,  but 
only  plots  1  and  2  and  the  checks  will  be  here  considered,  as  these 
other  plots  were  devoted  primarily  to  the  codling  moth  or  were 
planned  to  show  the  danger  of  omitting  treatment  at  critical  periods. 
Plot  1  was  sprayed  first  when  the  cluster  buds  were  open,  shortly 
before  blooming  (April  25),  and  again  as  soon  as  the  petals  had 
fallen  (May  11).  Plot  2  had  the  same  applications  and  a  third  spray- 
ingon  May  17.  The  5-5-50  formula  of  Bordeaux  mixture  was  used 
for  the  first  application,  and  the  4-6-50  formula  with  2  pounds  of  arse- 
nate of  lead  for  the  succeeding  applications.  The  results  from  3  trees 
of  each  si)rayed  ])lot  and  3  untreated  trees  are  given  in  Table  6: 

Table  6. — Comparison  of  sound  and  scabby  fruit  from  sprayed  and  unsprayed  winesap 
trees,  Xforton  orchard,  Nebraska  City,  Xebr.,  1906.     Fruit  picked  Oct.  20. 
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As  has  been  abundantly  demonstrated  in  the  past,  these  results 
again  sho.w  that  apple  scab  can  be  readily  controlled  by  applications  of 
Bordeaux  mixture.  It  is  seen  in  Table  6  that  Plot  I,  which  had  two 
applications,  yielded  97.71  per  cent  W  sound  fruit,  and  that  Plot  II, 
which  received  three  applications,  gave  99.17  per  cent  of  sound  fruit. 
In  this  case  the  third  application  was  of  very  little  additional  benefit; 
but  if  the  second  spraying  is  not  thoroughly  done  a  supplemental 
treatment  a  few  days  later  is  quite  important.  It  should  be  under- 
stood, however,  tha;t  these  results,  obtained  from  two  or  three  spray- 
ings, apply  only  west  of  the  Missouri  River.  In  the  more  humid  sec- 
tions to  the  eastward,  especially  around  the  Great  Lakes,  in  a  wet 
spring  5  or  6  treatments  are  necessary. 

RECOMMENDATIONS. 

Spray  with  Bordeaux  mixture,  5-5-50  formula,  when  the  cluster 
buds  are  open  but  before  blooming,  and  again  as  soon  as  the  petals 
have  fallen.  If  the  second  application  has  not  been  very  thorough,  a 
third  should  be  made  seven  to  ten  days  later.  In  case  of  a  wet  spring 
three  sprayings  are  usually  necessary. 

THE  CODLING  MOTH. 

The  larva  of  the  so-called  codling  moth  (Carpocapsa  pomoneUa  L.) 
is  by  far  the  most  serious  of  the  insect  pests  which  affect  the  apple. 
The  losses  due  to  its  work  equal  if  they  do  not  exceed  the  losses  from 
all  other  insect  pests  of  this  crop  combined.  In  unsprayed  orchards 
throughout  the  country  from  one-half  toHhree-fourths  of  the  crop  is 
destroyed,  entailing  a  loss  of  millions  of  dollars  annually.  A  large 
percentage  of  this  lo^s  is  preventable,  as  has  been  known  for  many 
years,  and  a  large  number  of  orchardists  practically  control  the  insect 
by  timely  and  thorough  work  with  sprays.  Indeed,  the  codling  moth 
is  perhaps  more  satisfactorily  controlled  than  most  other  insect  pests 
of  the  apple,  such  as  appje-tree  borers,  the  apple  maggot,  the  plum 
curculio,  scale  insects,  and  the  wooly  apple  aphis.  Notwithstand- 
ing the  large  amount  of  testimony  from  experimenters  and  practical 
orchardists  as  to  the  advantages  of  spraying,  there  are  yet  many 
growers  who  take  no  steps  to  control  the  pest  or  who  secure  only  indif- 
ferent results  from  lack  of  knowledge  of  the  insect  itself  and  of  the 
requisites  for  successful  control  work.  • 

CHARACTER  OF  INJURY. 

Wormy  apples  (see  fig.  5)  are  familiar  to  all  growers  and  consumers 
of  this  fruit,  and  many  have  seen,  upon  cutting  open  an  apple,  the 
small,  pinkish  larva,  about  three-fourths  of  an  inch  long,  the  cause 
of  all  the  mischief.     The  greater  part  of  the  life  of  the  larva  is  spent 
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within  the  fruit,  during  which  period  it  feeds  freely  on  the  substance 
of  the  apple,  eating  out  a  cavity  or  tminel  and  pushing  out  from  the 
entrance  hole  a  considerable  quantity  of  powdery  brown  frass. 
Most  apples  injured  when  smalt,  as  by  larvae  of  the  first  generation, 
drop  from  the  trees,  and  these  often  constitute  a  large  percentage  of 
.  the  so-called  windfalls.  Larvee  of  the  first  generation  will  mostly  enter 
the  fruit  at  the  blossom  end,  some,  however,  entering  at  the  side, 
as  where  two  iruits  are  in  contact  or  where  an  apple  is  touched  by  a 
leaf.  Larvae  of  the  second  generation  enter  the  fruit  more  from 
the  side  than  the  calyx  end,  and  by  reason  of  their  greatly  increased 
numbers  cause  the  larger  part  of  the  total  injury.  In  localities  where 
a  third  or  partial  third  brood  may  occur,  the  habits  of  this  generation 
are  no  doubt  practically  identical  to  those  of  the  second. 


Fig.  rj.— a  wormy  applo,  showing  a  mature  codling  moth  larva  and  its  work.     (Original.) 
DESCRIPTION  AND  LIFE  HISTORY. 

How  the  insect  passes  the  winter. — In  late  summer  or  fall  larvae 
seek  protected  j)laces  upon  the  trees,  as  holes,  cracks,  crotches  of 
limbs,  or  under  bark  scales,  or  even  underneath  trash  on  the 
ground,  construct  tough  silken  cocoons,  and  here  pass  the  winter 
in  the  larval  condition.  Lart^e  numbers  of  larva*  are  carried  to 
storati^c  houses  in  apples  in  the  fall,  where  later  they  spin  cocoons 
in  the  boxes,  t)ins,  or  l)arrels,  or  in  cracks  in  the  floor  or  sides  of  the 
house.  In  the  orchard  hir<^e  numbers  of  larvic  are  destroyed  during 
winter  t)y  ])irds,  principally  woodpeckers,  l)ut  in  stora^i^e  houses  a 
lartr(»  |)r()portion  doubth'ss  survivcvs,  the  moths  from  which  fly  to  the 
orchards  in  the  sprinj^  and  constitute  an  important  source  of 
infestation. 

With  the  comin<^  of  s|)rint^  the  larva*  enter  the  pupal  stage,  and 
later,  about  the  period  of  blooming  of  the  apple,  the  moths  begin  to 
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appear,  continuing  to  emerge  for  three  or  four  weeks,  while  belated 
moths  may  not  emerge  until  considerably  later. 

The  moth. — The  adult,  or  miller,  (fig.  6,  a,f)  is  rather  variable  in 
size,  but  the  maximum  wing  expanse  rarely  exceeds  three-fourths  of  an 
inch.  The  f  orewings  above  are  of  a  brownish  gray  color,  with  numerous 
cross  lines  of  gray.  Near  the  tip  of  each  wing  is  a  conspicuous  brown 
spot,  or  ocellus,  in  which  are  two  irregular  broken  lines  of  a  metallic 
coppery  or  golden  color.  The  hind  wings  above  are  grayish  brown, 
becoming  darker  toward  the  margin,  which  bears  a  dehcate  fringe, 
at  the  base  of  which  is  a  narrow  dark  line.  When  at  rest  on  the 
grayish  bark  of  an  apple  tree,  the  color  of  the  moth  so  harmonizes 
with  its  surroundings  that  it  is  not  readily  distinguished,  and  the 
insect  in  this  stage  is  perhaps  but  little  known  to  orchardists. 


FlQ.  6,— Stages  of  the  codling  moth:  a,  the  moth  or  adult  insect,  slightly  enlarged;  6,  the  egg,  greatly 
enlarged:  c,  the  full-grown  larva,  slightly  enlarged;  d,  the  pupa,  slightly  enlarged;  «,  the  pupa  in  its 
cocoon  on  the  inner  surface  of  a  piece  of  bark,  reduced  about^  one-half;  /,  moth  on  bark  and  <'mpty 
pupa  skin  from  which  it  emerged,  about  natural  size.     (From  Simpson.) 

Shortly  after  emerging  (fig.  6,/),  the  sexes  mate  and  the  females 
begin  the  deposition  of  eggs,  the  number  for  one  individual,  as  stated 
in  the  literature  regarding  this  insect,  averaging  about  50. 

The  egg. — The  eggs  are  small,  flat,  somewhat  oval  in  shape,  of 
about  the  size  of  a  pinhead.  When  recently  deposited  they  are  of  a 
pearl-white  color,  but  become  darker  with  the  development  of  the 
embrj^o,  which  after  a  few  days  is  easily  distinguished  as  a  reddish 
ring  within  the  egg.  Under  a  lens  the  surface  is  seen  to  be  covered 
with  a  network  of  ridges  (fig.  6,  h) ,  coarser  toward  the  edge.  The  oirgs 
of  the  first  generation  of  moths  are  deposited  mainly  on  the  leaves 
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and  twigs,  comparatively  few  being  placed  on  the  apple,  possibly  on 
account  of  the  fine  hairs  with  which  it  may  be  more  or  less  covered 
when  small.  The  majority  of  the  eggs  of  the  second  generation, 
however,  are  placed  on  the  fruit,  which  by  this  time  is  much  larger 
and  presents  a  comparatively  smooth  surface.  The  average  time 
required  for  the  egg  to  hatch  is  about  eleven  days,  the  time  varying 
considerably,  however,  with  temperature. 

The  larva. — It  is  in  the  larval  or  **worm^'  stage  that  injury  is  done 
to  the  apple.  The  larva  as  it  hatches  from  the  egg  is  very  small, 
from  one-twentieth  to  one-sixteenth  of  an  inch  in  length,  and  soon 
begins  to  search  for  the  fruit.  If  hatched  from  eggs  placed  here  and 
there  on  the  foliage,  the  larvae  chew  more  or  less  into  the  leaf  or  other 
portions  of  the  plant  in  their  wandering  around,  and  may  thus  be 
poisoned  if  poison  be  present  on  the  plants.  If  the  eggs  have  been 
deposited  on  the  fruit  itself  the  larvae  are  much  more  likely  to  gain 
entrance  to  the  fruit.  Larvae  entering  the  fruit  by  the  calyx  end 
feed  within  the  calyx  cavity  for  a  few  days  before  penetrating  the 
fruit,  and  hence  the  advantage  of  thoroughly  spraying  trees  shortly 
after  the  petals  have  fallen  and  while  the  calyx  lobes  are  still  spread, 
in  order  to  place  in  each  calyx  cavity  a  small  particle  of  poison  to 
be  later  eaten  by  the  little  larva  as  it  seeks  to  enter  the  fruit. 

After  entering  the  apple  the  larva  feeds  and  grows  rapidly  and  in 
the  course  of  about  twenty  days  has  become  full  grown.  At  this  time 
the  insects  are  about  three-fourths  of  an  inch  long,  and  the  majority 
of  them  are  pinkish  or  flesh  colored  on  the  upper  surface  and  whitish 
below.  The  head  is  brown  and  well  developed,  and  there  are  8  pairs 
of  legs,  the  3  pairs  ol  true  legs  on  the  thorax  and  5  pairs  of  prolegs  on 
the  abdomen  (fig.  6,  c). 

When  ready  to  leave  the  fruit  the  larva  eats  out  a  hole  at  the  side, 
or,  less  usually,  makes  its  exit  by  enlarging  the  entrance  hole.  If 
the  infested  apple  is  hanging  on  the  tree  the  larva  usually  makes  its 
way  out  to  the  limb  and  thence  crawls  down  the  branches  to  the 
trunk  until  a  suitable  place  for  pupation  is  found.  If  the  apple  has 
fallen  before^  the  larva  has  gotten  its  growth  the  latter  simply  crawls 
to  a  convenient  place  and  there  constructs  a  cocoon. 

The  pupa. — The  full-grown  larva,  upon  leaving  the  fruit  and  finding 
a  protected  place,  constructs  a  whitish  silken  cocoon  (fig.  6,  e)  within 
which  in  tlie  course  of  a  few  days  it  may  cliange  to  pupa  or  may 
remain  in  the  larval  condition  until  the  following  spring,  as  explained 
under  tlic  next  heading.  Tlie  puj)a  (fig.  6,  d)  is  about  one-half  inch 
lonir.  at  first  yellowish  or  t)rownish,  but  later  becoming  quite  dark 
brown,  and  shortly  before  the  emergence  of  the  moth  assuming  a  dis- 
tinct hronze  color.  This  stage  varies  nuich  in  length,  but  on  the 
averairc  about  tw(»nty  days  elaj)se  from  the  sj)inning  of  the  cocoon 
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until  the  emergence  of  the  moth.  After  emergence  the  moths  in  the 
course  of  a  few  daya  begin  egg  laying,  the  entire  life  cycle  from  egg  to 
egg  requiring,  on  the  average,  some  fifty  days.  , 

GENERATIONS  OF  THE  INSECT. 

The  number  of  generations  of  the  codling  moth  in  a  season  varies 
with  the  latitude  and  region.  In  the  more  Northern  States,  as  in 
Maine  and  New  York,  there  is  but  one  generation  each  year,  with 
often  a  rather  light  partial  second,  the  size  of  the  second  generation 
varying  with  the  season.  In  the  upper  tiers  of  Middle  Eastern  and 
Western  States,  as  New  Jersey,  Ohio,  and  Iowa,  the  second  generation 
will  be  more  nearly  a  full  one.  In  States  of  the  latitude  of  Virginia, 
Kentucky,  Kansas,  and  Colorado  there  will  be  two  full  generations, 
while  in  the  extreme  South  and  Southwest  and  portions  of  the  West 
a  partial  third  generation  is  thought  to  occur.  Injury  from  the  second 
brood  is  much  greater  than  from  the  first  and,  unfortunately,  more 
difficult  to  prevent. 

As  stated,  moths  of  the  first  on  overwintering  generation  will  begin 
to  emerge  about  the  time  apple  trees  are  in  bloom,  continuing  for  some 
weeks,  the  date  varying  according  to  locality  and  season.  The 
moths  of  the  second  generation  may  begin  to  appear  fifty  to  sixty  days 
from  the  blooming  period,  though  their  maximum  abundance  will  be 
somewhat  later.  The  first  and  second  generations  will  overlap,  so  that 
larvge  are  to  be  found  in  the  fruit  practically  throughout  the  season. 
In  the  Ozarks,  moths  of  the  second  generation  are  coming  out  in  some 
numbers  by  about  July  15,  the  number  increasing  throughout  late 
Juh^  and  early  August. 

DEMONSTRATION  SPRAYING  FOR  THE  CODLING  MOTH. 

In  spraying  with  Bordeaux  mixture  for  the  fungous  diseases  of  the 
apple  previously  mentioned,  an  arsenical  was  always  added  for  the 
control  of  the  codling  moth.  In  securing  results  the  drop  apples  were 
collected  from  the  ground  and  examined  as  to  freedom  from  or  injury 
by  the  codling  moth,  and  the  crop  from  the  trees  at  picking  time  was 
similarly  graded.  In  some  cases  the  fruit  was  simply  measured;  in 
others  it  was  actually  counted. 

Results  in  Arkansas. — In  the  Gip])le  orchard  at  Bentonville  four 
trees  in  the  Ben  Davis  block  s])rayed  for  bitter-rot  and  apple  blotch 
were  selected  for  obtaining  data  on  the  efTect  of  the  treatments  for 
the  codling  moth.  The  arsenical  used  was  arsenate  of  lead  at  the 
rate  of  2  pounds  to  50  gallons  of  Bordeaux  mixture,  and  applications 
were  made  on  May  4,  May  8,  June  12,  June  26,  July  16,  and  August 
4,  making  six  treatments  in  all.  Tlie  first  two  applications,  on  May 
4  and  May  8,  immediately  after  the  petals  had  fallen — perhaps  the 
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most  important  of  ^11  treatments— were  far  from  satisfactory,  effi- 
cient spraying  apparatus  not  then  being  available.  Subsequent  appli- 
cations, however,  were  quite  thorough,  and  the  trees  and  fruit  were 
kept  fairly  well  coated  with  the  spray  during  the  remainder  of  the 
season.  The  orchard  under  experiment,  however,  was  joined  on  two 
sides  by  orchards  which  were  not  sprayed  and  which  served  as  sources 
of  reinfestation,  the  moths  undoubtedly  flying  into  the  treated  orchard 
from  the  untreated  ones.  Injury  from  the  second  brood  of  the  cod- 
ling moth  was  therefore  greater  than  would  probably  have  been  the 
case  had  the  adjacent  orchards  received  proper  treatment. 

The  fruit  from  four  untreated  trees  in  the  bitter-rot  check  was  also 
classified  in  regard  to  codling  moth  injury,  to  serve  as  a  basis  for 
comparison  with  the  sprayed  trees.  The  yield  of  sound  and  wormy 
fruit  from  the  eight  trees  is  detailed  in  Table  7. 

Table  7. — Comparison  of  sound  and  wormy  fruit  from  four  Ben  Davis  trees  sprayed  with 
Bordeaux  mixture  and  arsenate  of  lead  and  from  four  unsprayed  trees,  Gipple  orchard, 
Bentonville,  Ark.,  1906.     Fruit  picked  September  19  to  21. 


Date  of  spraying  and  tree  I  Total 
niimWra.  [  crop. 


Windfalls. 


Wormy, 


Sprayed    May   4,    May  8,  i 

June  12,  June  26,  July 

16.  and  Aug.  4:  Bushels 

Tree  1 17 

Tree  2 '  13.1 

Tree  3 19.56 

Tree  4 18.33 


No. 
41 

82 
167 
143 


Trt»es    1    to 
bine<l.... 


4  coni- 


67. 99 


Unsprayed: 

Check  A 1  14.5 

Check  B 5. /9 

Check  (' 3.19 

Check  I) 5.85 


799 
195 
200 
33t) 


A.  B  ('.and 
biiird 


)  coni- 


Not 


Total 


86 
167 
337 
244 


No. 
127 
249 
504 
387 


Fruit  from  tree. 


^Vormy.  ^  ^^^^  .  Total. 


No. 
108 
117 
270 
215 


834        1,267 


1,253 

906 

292 

421 

320 

224 

475 

371 

454 
97 
120 
139 


SIO        2,340  1,922 


No. 

2,060 

1,433 

2,1'29 

2,335 


No. 

2,158 

1,551 

2,599 

2,550 


710       7,947  1    8,858 


595  I 
342  I 
96 
233 


1,501 
763 
320 
604 


Total 
num- 
ber of 
apples. 


Per- 
cent- 
age of 
sound 
fruit. 


I 


No. 

2,285 

1,800 

2,903 

2,937 


9,925 


2,754 

1,055 

640 

1,079 


5,528 


93.5 
88.8 
84.9 

87.8 


38.8 
41.6 
33.7 
34.4 


.0,  .   r^,r^i,r^,  ])ercentage  of  sound  fruit  from  the 
..  ^r  ^he  four  unsprayed  trees  37.5,  a 

•'.•  "i'l         f  50.9  per  cent. 

vx    K  at  Fordland,  Mo.,  was 

fanscll,  in  a  block  of  trees 

;»nw^    j..tMi'l»on    and  Ben 


•.Lure  and 
»nd  Paris 
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Applications  were  made  on  the  following  dates:  April  20,  May  7, 
May  16,  June  8,  June  26,  July  17,  and  August  11,  making  a  total 
of  seven,  of  which,  however,  only  six  are  to  be  considered  as  in  any 
way  affecting  the  codling  moth,  the  treatment  on  April  20  being  for 
scab  and  before  the  trees  had  bloomed. 

The  second  application  was  made  just  after  the  petals  fell  from  the 
blossoms  and  the  third  nine  days  later.  These  two,  made  while  the 
calyx  lobes  of  the  young  apples  were  still  spread,  were  for  the  pur- 
pose of  filling  the  calyx  cavities  with  poison,  and  they  were  also 
important  treatments  for  the  apple  scab. 

The  fourth  application,  on  June  8,  was  designed  especially  to  poison 
the  foliage  and  fruit  to  destroy  the  codling  moth  larvae,  which  it  was- 
thought  would  be  hatching  in  considerable  numbers  at  about  that 
time. 

The  three  subsequent  applications  were  for  the  control  of  bitter-rot, 
leaf-blight,  and  the  second  brood  of  the  codling  moth.  The  results 
are  shown  in  Table  8. 

Ta  BLE  8 . — ComiKirison  of  sound  and  wormy  fndt  from  Gano  trees  sprayed  and  unsprayedy 
Ilansell  orchara,  Fordland,  Mo.,  1906. 


Plot,  (late  of  spraying,  and  tree 
number. 


Plot  1,  sprayed  April  20;  May  7, 
16;  June  8,  26;  Julv  1<»;  August 
11:  *  Bush. 

Tree  1 11.76 

Tree2 ;    5.81 


Total 
crop. 


Windfalls. 


Fruit  from  tree. 


!    Not 


Not  ' 


Wormy. '^--y  I  Total.  jWormy.l    --^  I  Total. 


Bush.   I 

a  0.017  I 

6.005  ! 


Bush. 
0.5 
.25 


Bush. 
0.51 
.255  ' 


Bush. 
0.25 
C.055 


Bush. 

n 

5.5 


Trees  1  and  2  combined 17. 57 


.305 


16. 5 


Plot  2,  sprayed  Anril  20;  May  7,  j  i 

16;  June  18,  26;  Julv  17;  August 
11: 

Tree  I I  13.  419 

Tree  2 !    6.464  i 


.75 
.42 


.794  i 
•42 


.125 
.044  ! 


Bush. 
11.25 
5.555 


12. 625 
6.044 


Trees  1  and  2  combined  . 

Check  plot,  unspraved : 

Tree  1 ." 

Tree  2, 


.  044       1. 17 


18. 5     18.  ti69 


5. 04,') 
10.875  ' 


.  54.'. 
.25 


2.5  I     4.5 
5.5  '     9.625 


Trees  I  and  2 combined.. 


6. 125 


Per- 
centage 

of 
sound 
fruit. 


97.7 
98.9 


9ai 


98.4 


52.03 
55.17 


54.] 


«  3  apples. 


^  1  appl«' 


f  10  apples. 


The  average  yield  of  sound  fruit  of  the  two  trees  of  Plot  1  which 
received  Bordeaux  mixture  and  arsenate  of  lead  is  98.1  per  cent,  and 
from  the  two  trees  of  Plot  2,  treated  with  Bordeaux  mixture  and 
Paris  green,  98.4  per  cent.  The  average  yield  of  sound  fruit  from  the 
two  untreated  trees  is  54.1  per  cent,  there  being  a  gain  in  sound  fruit 
from  the  sprayed  trees  of  44  per  cent. 

Ben  Davis. — In  each  of  Plots  1  and  2  of  the  Gano  block,  and  in  an 
additional  plot  (Plot  3)  were  a  few  trees  of  the  Ben  Davis  variety 
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which  were  sprayed  along  with  the  Gano,  as  previously  stated.  Plot 
3  received  the  same  treatment  as  Plot  2,  except  that  the  application  on 
June  8  was  omitted.  The  fruit  from  one  Ben  Davis  tree  of  each  of 
these  plots,  as  well  as  from  three  unsprayed  Ben  Davis  trees,  was 
examined  and  classified  by  counting  with  respect  to  codling  moth 
injury,  and  the  results  are  detailed  in  table  9. 

Table  9. — Comparison  of  souml  and  wormy  fruit  from  three  trees  sprayed  vith  Bor- 
deaux mixture  and  arsenicals,  and  from  three  unsprayed  trees  of  the  Ben  Davis  variety, 
Hansell  orchard,  Fordland,  Mo.,  1906. 


Date  of  spraying  and  tree 

Total 
yield. 

Windfalls 

Fruit  from  tree. 

Total 
numljer 

of 
apples. 

Per- 
cent- 
age, of 
sound 
fruit. 

numlx»r. 

Wormy. 

Not 
wormy 

Total. 

Wormy. 

Not 
wormy. 

Total. 

Sprayed  Apr.  20;  May  7. 
16;  June  8,  26;  July  17. 
and  Aug.  11; 
Treel 

Bush. 
14 

13.25 
13  75 

No. 
20 

No. 
168 
91 
52 

No. 

188 
102 

78 

• 

No. 

153 
129 
206 

No. 
1,754 
1,605 
1,562 

No. 
1,907 
1,734 
1.768 

No. 
2,095 
l,83<i  ' 
1,846 

91.7 

Tree2 

92.3 

Tree  3a. 

87.4 

Trees  1.2,  and  3 com- 
bined  

41 

57 

311 

.    368 

488 

4.921 

5,409 

5.777 

90.5 

Unsprayed: 

Check  1 

Check  2 

Check3 

11.75 
6.  875 
5.  ,50 

464 
224 
315 

38 
24 
89 

502 
248 
404 

1,258 
607 
564 

383 
488 
428 

1,641 

1,185 

992 

2,143 
1,433 
1.3913 

19.6 
3.5.7 
37.0 

Trees  1,2,  and  3com- 
l)ined 

24. 125 

1.003 

151 

1,154 

2,519 

1,299 

3,818 

4.972 

29.1 

a  Treatment  on  June  8  omitted. 

The  three  sprayed  trees  show  an  average  percentage  of  sound  fruit 
of  90.5  as  against  29.1  per  cent,  the  average  percentage  of  sound 
fruit  from  the  three  unsprayed  trees.  This  is  a  gain  of  61.4  per  cent 
for  the  treated  trees. 

Jonathan. — In  a  block  of  about  400  Jonathan  trees  used  in  some 
spraying  experiments  in  the  Hansell  orchard  at  Fordland  were  three 
plots  comprising  49  trees  which  received  the  demonstration  treat- 
ment. These  were  sprayed  with  Bordeaux  mixture  and  Paris  green, 
1  pound  to  150  galhms,  on  the  following  dates:  April  19,  May  3,  May 
12,  June  7,  June  26,  July  17,  and  August  11.  The  first  application, 
April  19,  for  scab,  was  without  effect  in  controlling  the  codling  moth. 
Near  each  end  of  tlie  block  of  400  trees  two  adjacent  rows  were  left 
untreated  as  cliecks,  comprising  in  all  70  trees.  The  trees  in  this 
block  are  al)()ut  11  years  old  and  small  for  their  age.  The  orchard 
had  had  l)Ut  little  attention  since  1901,  and  the  crop  of  fruit  was  very 
light. 

The  efiVet  of  the  treatments  in  controlling  the  codling  moth  is  shown 
by  th(»  ligures  from  (3  sj)rayed  and  6  unsprayed  trees  presented  in 
Table  10. 
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Table  10. — Comparison  of  sound  and  wormy  fruit  from  trees  sprayed  with  Bordeaux 
mixture  and  Paris  green,  and  from  six  unsprayed  trees  of  the  Jonathan  variety ,  Hansell 
orchard,  Fordland,  Mo.,  1906. 


Date  of  spraying  and  tree  numlier.    yj^jj 


Windfalls. 


Wormy.  I^N^ty!  Total. 


Sprayed  Apr.  29;  May  3,  12;  June 
7,26;  Julv  17;  Aug.  11: 

Treel.". 

Tree2 

Tree3 

Tree  ' 

Trees 

Tree6 


Bush. 
4.37 
2.24 
3.96 
1.77 
3.27 
6.14 


Trees  1  to  6  combined !    21. 75 


Unsi 


Free  1. 
Tree2. 
Tree  3. 
Tree  4. 
Trees. 
Tree  6. 


4.02 
.99 
4.48 
4.62 
2.86 
4.25 


Trees  1  to  0  combined '    21.82 


Bush. 

a0.02 

0 

6.01 
0 

C.03 
d.02 


.08 


.25 

.12 

.62 

.5 

.62 


Bush. 
0.25 
.12 
.37 
.25 
.37 
.37 


Bush. 
0.27 
.12 
.38 
.25 
.40 
.62 


1.73!      2.04 


.87  I 

.12 

.37 

.25 

.12 

.25  ! 


1.12 
.24 
.99 
.75 
.74 

1.25 


Fruit  froqi  tree. 


I 


Wormy. 


Bush. 
0.10 
.12 
.08 
.02 
.25 
.25 


.82 


1.5 
.25 

1.12 
.62 
.62 
.75 


.98        5.( 


Not 
wormy. 


Bush. 
4 
2 

3.5 
1.5 
2.02 
5.5 


19.12 


2 
.5 
2.37 
3.25 
1.5 
2.25 


11.87 


Total. 


Per- 
cent- 
age of 
sound 
fruit. 


Bush. 
i.lO 
2.12 
3.58 
1.52 
2.87 
5.75 


Bush. 
97.2 
94.6 
97.7 
98.8 
91.1 
95.6 


19.04 


95.8 


3.49  ' 
3.87  ' 
2. 12 
3' 


62.1 
62.6 
61.1 
75.7 
56.6 
58.8 


16.73  I 


63.4 


a  5  apples. 


f»  3  apples. 


c8  apples. 


^6  apple.s. 


It  will  be  seen  that  tlie  average  yield  of  fruit  free  from  codling 
moth  injury  from  the  6  sprayed  trees  was  95.8  per  cent  as  against 
63.4  per  cent  of  uninjured  fruit  from  the  6'  unsprayed  trees,  being  a 
gain  of  32.4  per  cent. 

It  will  have  been  noticed  that  in  the  work  in  Fordland,  Mo.,  the 
percentage  of  codling  moth  injury  to  fruit  from  the  treated  trees 
was  appreciably  less  than  in  the  work  at  Bentonville,  Ark.  As 
explained  in  regard  to  the  treated  orchard  at  the  latter  place,  this 
was  bordered  on  two  sides  by  large  orchards  which  received  no  treat- 
ment during  the  season  and  which  without  doubt  served  as  sources 
of  reinfestation  for  the  treated  trees.  The  orchard  at  Fordland,  on 
the  other  hand,  was  isolated,  except  for  one  orchard  bordering  it  on 
the  north,  which  received  treatment  for  the  codling  moth. 

The  codling  moth  is  best  controlled  when  all  of  the  orchards  of  a 
neighborhood  are  sprayed,  and  uniformity  in  this  particular  on  the 
part  of  orchardists  should  be  secured  if  possible. 

RECOMMENDATIONS. 

The  first  treatment  for  the  codling  moth  should  be  made  immedi-* 
ately  after  the  blossoms  fall.  In  this  application  the  aim  should  be 
to  place,  as  nearh'  as  possible,  a  particle  of  the  poisoned  spray  in  the 
calyx  cavity  of  every  apple.  At  this  time  the  little  apples  are  mostly 
upright  on  the  stems,  and  more  effective  work  may  be  done  by  spray- 
ing from  above,  directing  the  spray  downward.  Long  extension  rods 
are  indispensable,  and  for  this  a])plication  an  elbow  fitting  between 
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the  end  of  the  rod  and  nozzle  to  better  deflect  the  spray  may  often 
be  used  with  advantage,  or  the  chamber  portion  of  the  nozzle  may 
be  turned  so  that  the  spray  will  be  directed  at  a  right  angle  to  the 
axis  of  the  extension  rod.  One  man  at  least,  who  should  give  special 
attention  to  treating  the  higher  parts  of  the  trees,  should  be  on  an 
elevated  platform  rigged  upon  the  spray  wagon.  This  is  without 
doubt  the  most  important  of  all  of  the  applications  for  the  codling 
moth,  and  some  growers  find  it  profitable  to  respra}^  the  trees  at 
once  after  the  first  application  hks  been  finished  and  before  the 
calyx  lobes  close,  to  further  insure  that  the  calyx  end  of  each  apple 
shall  contain  a  particle  of  poison. 

The  second  appUcation  for  the  codling  moth  should  be  made  about 
three  or  four  weeks  from  the  dropping  of  the  blossoms.  The  eggs  of 
the  first  brood  are  hatching  about  this  time  in  maximum  numbers, 
and  as  they  are  mostly  deposited  on  the  foliage  and  twigs  the 
resulting  larvae  will  feed  more  or  less  on  these  parts  before  gaining 
entrance  to  the  fruit.  Thorough  spraying  of  foliage  and  fruit  at 
this  time  will  undoubtedly  destroy  many  of  these  larvae.  If  the 
first  and  second  treatments  have  been  thoroughly  made,  subsequent 
treatments  are  sometimes  not  necessary,  especially  if  there  is  no 
danger  of  reinfestation  from  outside  unsprayed  orchards. 

The  first  and  second  treatments  may  always  be  combined  with  the 
applications  of  Bordeaux  mixture  for  apple  scab.  Where  spraying 
with  Bordeaux  mixture  is  done  for  leaf-spot  diseases,  apple  blotch, 
or  bitter-rot,  arsenicals  should  always  be  added  for  the  second  brood 
of  the  codling  moth,  and  where  injur}'  from  the  first  brood  has  not 
been  satisfactorily  prevented  it  will  pay  to  spray  for  the  second  brood 
of  the  moth,  irrespective  of  other  considerations. 

The  third  treatment  for  the  codling  moth  (first  treatment  for  sec- 
ond brood)  should  be  made  in  ten  weeks  from  the  falling  of  the 
blossoms,  and  a  fourth  application  should  be  given  two  or  three 
W'^^ks  later 

COMMERCIAL  RESULTS. 

RESULTS  IN  ARKANSAS. 
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Merchantable  fruit bushels. .  408 

Culls  (including  windfalls) do 98.75 

Percentage  of  merchantable  fruit 80. 5 

The  crop  from  17  untreated  Ben  Davis  trees  in  the  same  block  was 
similarly  sorted,  and  gave  results  as  follows: 

Merchantable  fruit bushels. .      7 

Culls  (including  windfalls) -  .do 90. 7 

Percentage  of  merchantable  fruit 7. 2 

It  will  be  seen  that  of  the  crop  from  the  unsprayed  trees,  97.7  bush- 
els, only  7  bushels  were  merchantable.  In  practice,  tfie  cost  of  labor 
for  gathering  and  sorting  such  fruit  would  be  more  than  its  value,  and 
the  crop  from  the  unsprayed  trees  would  be,  therefore,  practically  a 
complete  loss,  except  for  cider  or  evaporation. 

In  the  same  orchard  the  fruit  from  a  block  of  69  sprayed  Winesap 
trees  was  sorted,  as  in  the  case  of  the  Ben  Davis,  yielding — 

Merchantable  fruit bushels. .  255 

Culls  (including  windfalls) ' ^ do 36. 5 

Percentage  of  merchantable  fruit. .- 87. 4 

The  crop  from  10  unsprayed  Winesap  trees  yielded  as  follows: 

Merchantable  fruit bushels. .     6. 75 

Culls  (including  windfalls) do 10. 25 

Percentage  of  merchantable  fruit \ 39. 7 

The  fruit  classed  as  merchantable  on  the  unsprayed  Winesaps, 
namely,  6.75  bushels,  was  notably  smaller  than  on  the  sprayed  trees, 
731  apples  being  required  to  fill  a  barrel  as  against  612  apples  from 
the  treated  trees. 

RESULTS  IN  HISSOUBI. 

In  the  Hansell  orchard  at  Fordland,  Mo.,  the  fruit  from  49  sprayed 
Jonathan  trees,  when  classified,  gave  the  following  results: 

Merchantable  fruit bushels. .  121.  5 

No.  I's do. ...  108 

No.  2's do. . . .  13. 5 

Culls  (including  windfalls) do 11. 29 

Percentage  of  merchantable  fruit 91.4 

From  34  unsprayed  Jonathans  the  yield  was— 

Merchantable  fruit bushels. .  51 

No.  I's do. . . .  24 

^  No.  2'8 do 27 

Culls  (including  windfalls) .• do 39.  6 

Percentage  of  merchantable  fruit 56. 2 

Practically  all  the  injury  was  due  to  the  codling  moth. 
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In  the  same  orchard  the  fruit  from  39  sprayed  Gano  trees  gave 
results  as  follows: 

Merchantable  fruit bushels. .  258 

No.  I's • do ....  207 

No.  2'8 do. ...     51 

Culls  (including  windfalls) do 37. 37 

Percentage  of  sound  fruit 87. 3 

From  14  unsprayed  Gano  trees  the  yield  was  as  follows: 

Merchantable  fruit bushels. .  42 

No.  Vs...." : do....  21 

No.  2'8 do ... .  21 

Culls  (including  windfalls) : do 39. 5 

Percentage  of  sound  fruit 51. 5 
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Bordeaux  mixture  with  an  arsenical  added  is  the  most  effective 
treatment  for  the  principal  diseases  of  the  fruit  and  foliage  of  the 
apple  and  for  the  codling  moth.  .This  combined  fungicide  and 
insecticide  intelligently  applied  to  the  trees  in  the  form  of  a  spray 
should  enable  the  orchardist  to  protect  from  the  attack  of  these 
pests  from  85  to  95  per  cent  of  his  crop,  as  has  been  demonstrated 
by  these  tests  and  shown  in  the  earlier  pages  of  this  bulletin. 

BORDEAUX  MIXTURE. 

Bordeaux  mixture  is  composed  of  copper  sulphate  (bluestone) 
and  quicklime,  with  a  certain  quantity  of  water.  The  amounts 
of  copper  sulphate  and  of  lime  to  be  used  with  a  given  quantity  of 
water  vary  somewhat,  according  to  the  kind  of  plants  or  trees  to 
be  sprayed  and  the  disease  to  be  treated.  When  used  on  the  apple 
the  following  formula  is  quite  satisfactory  for  general  orchard  work : 

Copper  sulphate  (bluestone) pounds. .       5 

Quicklimo do 5 

'I'^if /.«*'»  make gallons. .     50 
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Directions  for  making. — If  lai^e  quantities  of  Bordeaux  mixture  are 
to  be  used,  stock  solutions  of  the  bluestone  and  lime  should  always 
be  prepared,  thus  saving  the  time  necessary  to  dissolve  thejnaterials.  A 
stock  solution  of  the  copper  sulphate  may  be  made  by  dissolving  it  at 
the  rate  of  1  pound  to  each  gallon  of  water.  Fill  a  50-gallon  barrel  two- 
thirds  or  three-fourths  full  of  water,  and  place  a  sack  (or  box  with 
perforations  in  the  bottom  and  sides)  containingN50  poimds  of  copper 
sulphate  in  the  upper  part  of  the  barrel,  suspending  it  by  a  string  or 
copper  wire.  In  from  twelve  to  twenty-four  hours  the  sulphate  will  have 
entirely  dissolved,  and  the  sack  or  box  should  be  removed  and  enough 
water  added  to  fill  the  barrel.  After  slight  stirring,  the  solution  is 
ready  for  use.  The  stock  lime  may  be  prepared  by  slaking  50  pounds 
in  a  barrel  or  other  vessel,  and  finally  adding  water  to  make  50  gallons. 
In  slaking  the  lime,  suflBcient  water  should  be  used  to  prevent  burning, 
but  not  enough  to  drown  it,  and  the  mass  should  be  continually  stirred 
with  a  shovel  or  spading  fork  until  a  thin  paste  is  formed.  Stock 
preparations  of  both  the  lime  and  bluestone  may,  during  warm 
weather,  be  prepared  at  twice  this  strength,  that  is,  2  pounds  to  each 
gallon  of  water,  but  it  is  difficult  to  slake  more  than  50  pounds  of  lime 
in  a  barrel,  and  when  a  larger  quantity  is  to  be  prepared  a  box  in 
which  the  lime  may  be  spread  out  should  be  used.  Barrels  containing 
stock  solutions  should  be  kept  tightly  covered  to  prevent  as  much  as 
possible  the  evaporation  of  the  water,  which  would  give  a  more  con- 
centrated stock  solution.  Preparatory  to  use,  any  water  known  to 
have  been  lost  by  evaporation  should  be  added,  to  maintain  the  proper 
strength.  In  making  Bordeaux  mixture  take  the  necessary  quanti- 
ties of  the  stock  copper  sulphate  and  the  stock  lime  solutions  to  give 
the  formula  in  the  total  amount  of  water  to  be  used,  and  place  each  in 
separate  elevated  dilution  tanks,  which  should  hold  half  as  much  as 
the  total  capacity  of  the  spray  tank.  Thus,  if  the  spray  tank  holds 
200  gallons  each  dilution  tank  should  hold  100  gallons,  and  according 
to  the  above  formula  20  pounds  of  copper  sulphate  (20  gallons  of  the 
stock  solution)  and  20  pounds  of  lime  (20  gallons  of  the  stock  solution) 
would  be  required.  To  each  dilution  tank,  water  should  be  added 
(one-half  the  total  amount  of  spray)  and,  after  stirring,  the  diluted 
ingredients  are  allowed  to  run  through  separate  hose  or  troughs 
attached  to  faucets  at  or  near  the  bottom  of  the  tanks,  into  the 
strainer  on  the  spray  tank,  where  the  two  solutions  come  together, 
producing  the  Bordeaux  mixture;  or,  the  diluted  solutions  may  be  run 
directly  into  a  mixing  tank  alongside,  the  Bordeaux  mixture  being 
conducted  thence  by  a  hose  directly  to  the  spray  tank.  In  extensive 
operations  the  latter  method  is  perhaps  to  be  preferred,  as  more  than 
one  batch  of  the  Bordeaux  mixture  may  be  prepared  somewhat  in 
advance  of  the  arrival  of  the  spray  wagon,  effecting  a  slight  saving  in 

288 


36 

time.  Only  the  quantity  which  can  be  used  during  the  day  should  be 
mixed,  as  the  Bordeaux  mixture  deteriorates  on  standing. 

In  case  the  dilution  tanks  are  not  elevated  to  admit  of  filling  the 
spray  tank  by  gravity,  the  diluted  solutions  must  be  dipped  and 
poured  into  the  latter  by  hand,  a  bucketful  of  each  simultaneously. 
This  method  is  only  advisable  in  small  operations,  where  a  few  barrels 
at  most  are  needed. 

Thm  stock  solutions  should  never  be  poured  together  before  being 
diluted,  as  a  coarse,  heavy,  unreliable  mixture  will  result  instead 
of  the  light,  flocculent  preparation  that  characterizes  properly  made 
Bordeaux  mixture. 

It  is  important  that  Bordeaux  mixture  should  be  thoroughly 
strained  in  order  to  keep  out  any  coarse  particles  that  would  clog 
the  spray  nozzles,  and  it  is  a  good  practice  to  strain  the  stock  solution 
of  lime  upon  pouring  it  into  the  dilution  tank.  The  best  material 
for  a  strainer  is  brass  wire  netting  of  about  20  meshes  to  the  inch. 

Mixing  platform  for  Bordeaux  mixture.— In  the  preparation  of 
Bordeaux  mixture  in  any  considerable  quantities,  some  form  of 
elevated  platform  is  almost  indispensable,  so  that  the  diluted  solu- 
tions or  the  mixture  may  be  conducted  by  gravity  directly  to  the 
spray  tank  on  the  wagon.  The  platform  should  be  amply  large  to 
accommodate  the  necessary  barrels  and  tanks  (at  least  10  by  12  feet). 
Strong  and  durable  materials  should  be  used  in  its  construction,  and 
a  well-made  platform  should  last  for  several  years. 

IJhe  water  supply. — An  ample  water  supply  will  often  be  at  hand 
in  or  near  the  orchard,  and  the  mixing  platform  must  be  constructed 
convenient  to  it.  A  supply  through  pipes  or  from  a  water  tank  is  a 
desirable  part  of  the  outfit.  The  water  tank  may  be  separate,  as  on 
a  windmill  tower,  or  may  be  placed  on  the  mixing  platform  above 
the  level  of  the  top  of  the  dilution  tanks. 

This  may  be  kept  filled  with  a  hand  pump,  but  preferably  with  a 
pump  run  by  windmill  or  other  form  of  power.  By  these  means  the 
dilution  tanks  are  most  conveniently  filled.  A  cheaper  but  less  con- 
venient way  is  to  pump  the  water  directly  from  a  well,  spring,  or  pond 
into  the  dilution  tank.  If  a  hillside  is  available  it  will  be  convenient 
to  construct  the  platform  against  the  hill,  a  road  being  made  on  the 
lower  side  as  a  driveway  for  the  spray  wagon,  while  the  chemicals 
may  be  delivered  at  the  upper  side.  A  good  spring  of  water,  some- 
what above  the  platform,  furnishes  an  ideal  location,  the  water  being 
c-ondiicted  by  troughs  or  pipes  into  the  water  tank  on  the  platform. 
wSonict lines  the  water  is  drawn  from  a  pond  beneath  the  edge  of  the 
platform  by  means  of  a  chain  pump  and  delivered  through  a  trough 
into  the  tanks  and  barrels.  This  is  an  excellent  arrangement  where 
the  water  supply  is  thus  convenient,  but  lacks  the  desirable  feature  of 
a  storage  water  tank. 
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ABSENICALS. 

Several  arsenical  poisons  are  available  for  use,  such  as  Paris  green, 
Scheele's  gre^n,  arsenite  of  lime,  and  arsenate  of  lead.  These  all  contain 
arsenic  and  destroy  insects  which  eat  them  with  their  food.  In  the 
work  herein  reported  Paris  green  and  arsenate  of  lead  were  used.  A 
good  quality  of  Paris  green  is  very  satisfactory,  and  this  poison  is  per- 
haps ^  more  generally  used  than  all  other  arsenicals  combined.  It 
should  be  used  on  apple  at  the  rate  of  about  1  pound  to  150  gallons  of 
water  or  Bordeaux  mixture,  in  which  case  it  is  simply  added  to  the 
mixture,  having  previously  been  worked  into  a  paste  with  water,  to 
insure  its  more  thorough  distribution  in  the  fungicide.  Many  growers 
use  it  at  the  rate  of  1  pound  to  100  gallons  of  spray,  but  there  is  danger 
of  injury  to  apple  foliage  at  this  strength.  When  used  alone  in  water 
the  milk  of  lime  from  slaking  2  or  3  pounds  of  good  stone  lime  for 
each  50  gallons  should  be  added,  which  will  neutralize  any  free  arsenic 
and  prevent  burning.  The  same  result  is  secured  by  the  excess  of 
lime  in  the  Bordeaux  mixture. 

The  arsenate  of  lead  was  purchased  from  the  manufacturer  and 
used  at  the  rate  of  2  pounds  for  each  50  gallons  of  Bordeaux  mixture. 
This  arsenical,  as  found  on  the  market,  usually  occurs  in  the  form  of  a 
thick  paste,  which  must  be  entirely  worked  free  in  a  small  amount  of 
water  before  being  added  to  the  spray  tank. 

Arsenate  of  lead  has  been  found  preferable  to  Paris  green  by  some 
experimenters,  as  a  much  greater  quantity  may  be  used  without  injury 
to  the  foliage,  and  it  adheres  longer.  However,  when  used  with  Bor- 
deaux mixture  Paris  green  is  not  readily  washed  off  by  rains,  is 
apparently  as  satisfactory  as  the  former,  and  at  the  strength  used 
costs  less. 

Scheele's  green  is  similar  to  Paris  grefen,  but  contains  no  acetic 
acid.  Being  a  finer  powder,  it  remains  in  suspension  longer,  and 
costs  about  one-half  less. 

Arsenite  of  lime  is  much  the  cheapest  of  the  arsenicals  used  in 
sp^aying,  and  has  been  found  to  be  (juite  efficient.  It  may  be  pre- 
pared according  to  the  following  fornuila: 

White  arsenic pound . .       1 

Sal  soda  (crystals) ^ pounds. .       4 

Water gallon. .       1 

All  of  the  ingredients  are  boiled  together  for  a  few  minutes,  or 
until  dissolved,  and  any  water  lost  by  evaporation  added.  This 
constitutes  a  stock  solution,  which  will  keep  indefinitely,  1  pint  being 
used  with  each  40  or  50  gallons  of  Bordeaux  mixture  or  water.  If 
used  with  water,  the  milk  of  lime  from  slaking  2  or  3  pounds  of  good 
stone  lime  must  be  added  to  produce  the  arsenite  of  lime  and  the 
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color  of  the  spray  will  show  how  thoroughly  the  spraying  is  beint]: 
done.  When  vised  in  Bordeaux  mixture,  no  additional  lime  will  be 
necessary. 

In  the  use  of  poisons  around  the  home  the  greatest  care  should 
at  all  times  be  exercised  to  prevent  accidents.  All  packages  and 
bottles  containing  poison  should  be  plainly  labeled  and  kept  locked 
up.  Utensils  used  in  preparing  poisons  for  sprays  should  be  thor- 
oughly washed  after  use. 

EaUIPMEVT  POE  SPEAYIVG. 

With  other  conditions  favorable,  the  orchardist  will  not  be  able  to 
secure  satisfactory  results  in  spraying  unless  he  uses  an  efficient 
spraying  outfit.  The  outfits  in  use  in  some  orchards  are  a  practical 
handicap  to  good  work.  There  are  now  on  the  market  many  different 
makes  of  spray  pumps,  and  some  of  them  are  quite  efficient  and  suc- 
cessful.    The  orchardist  can  not  afford  to  use  any  but  the  best. 

The  barrel  type  of  pump  is  largely  used  in  small  to  medium-sized 
orchards,  and  when  properly  fitted  with  hose  of  sufficient  length,  a 
good  agitator,  and  nozzles,  very  effective  work  may  be  done.  The 
pump,  according  to  its  design,  is  fitted  to  the  end  or  side  of  an  ordi- 
nary 50-gallon  kerosene  or  similar  barrel,  which  is  mounted  on  a  sled, 
on  wheels,  or,  better,  placed  in  a  cart  or  wagon.  One  man  is  required 
to  pump,  and  one  or  two  men  to  handle  the  nozzles,  depending  on 
whether  one  or  two  leads  of  hose  are  used.  A  good  barrel  pump  should 
supply  two  leads  of  hose,  each  with  double  nozzles.  Tank  outfits  are 
mostly-used  in  the  larger  orchards,  but  are  very  desirable  for  the  small 
orchardist  as  well.  These  consist  of  rectangular  or  half-round  tanks, 
flat  on  top,  holding  from  100  to  300  gallons  of  the  spray  mixture, 
fitted  to  the  wagon  in  place  of  the  wagon  bed.  Some  growers  use 
a  100  to  200  gallon  hogshead  tank  placed  on  one  end  of  the  wagon. 
The  barrel  type  of  pumps  may  be  used  on  these  tanks,  but  it  is  better 
to  use  the  larger  tank  pumps  made  for  the  purpose  with  suction  hose, 
'he  hole  "'  ^he  top  of  the  tank  should  be  covered  with  a  close-fitting 
*'l  to  V<^".         •  ^^«'  ^v       i rifr«    %»pr     .thAT-  frash  which  would  clog  the 
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A  usual  defect  in  spraying  outfits  is  that  the  hose  is  not  of  sufficient 
length-  Each  lead  of  hose  should  be  from  25  to  35  feet  long  (or  from 
50  to  75  feet  where  the  second  row  on  each  side  is  to  be  sprayed) 
and  provided  with  an  8  to  12  foot  bamboo  extension  rod.  This 
length  of  hose  will  permit  the  complete  spraying  of  a  tree  before 
leaving  it,  insuring  more  thorough  work  than  if  but  one  side  is 
sprayed  at  a  time,  and  the  amount  of  driving  necessary  will  be  reduced 
by  one-half.  (See  fig.  7.)  In  spraying  apple  orchards  an  extension 
rod  10  feet  in  length  will  ordinarily  be  required,  although  shorter  or 
longer  rods  are  frequently  used. 

The  nozzle  is  perhaps  the  most  important  part  of  the  spraying 
outfit.     There  are  many  kinds  of  nozzles  on  the  market,  most  of  which 


FiQ.  7.— Power  sprayer  at  work  in  the  Oipple  orchard 


are  very  unsatisfactory  for  orcliard  spraying.  The  Vermorel  type  of 
nozzle  is  best  and  should  be  used.  The  orchardist  should  not  make 
the  mistake  of  fitting  an  otherwise  effective  spray  outfit  with  a  poor 
nozzle.  With  hand-power  pumps  a  double  Vermorel  nozzle  for  each 
lead  of  hose  is  satisfactory,  but  for  power  outfits  triple  or  even  quad- 
ruple nozzles  may  be  used  to  good  advantage.  Many  orchardists 
make  the  mistake  of  using  nozzles  witli  large  apertures,  thinking  it 
desirable  to  discharge  large  quantities  of  the  liquid.  Small  or 
medium-sized  openings  are  required  for  producing  a  fine  spray. 

In  spraying  high  trees  some  form  of  elevated  platform  should  be 
constructed  on  the  ^vagon,  on  which  one  of  the  nozzle  men  may  stand 
to  spray  Ihe  higher  parts  of  the  trees,  the  other  men  spraying  from 
the  ground  as  high  as  may  be  reached, 
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AFPLTIlfG  THE  BPRAT. 

Sprays  are  preventive  and  not  curative,  and  must  therefore  be 
applied  before  the  injury  becomes  apparent.  After  a  fungus  has 
gained  entrance  ,to  the  foUage  or  fruit,  it  can  not  be  reached  and  the 
diseased  parts  made  sound  again;  but  the  infection  may  be  prevented 
by  coating  the  parts  with  a  fungicide,  such  as  Bordeaux  mixture, 
which  prevents  the  germination  of  the  spores.  Similarly,  the  codling 
moth  may  not  be  poisoned  after  it  has  burrowed  into  the  fruit,  but  if 
the  poison  has  been  put  in  the  calyx  cavities  before  the  calyx  lobes 
close  and  has  been  sprayed  on  the  foliage  and  fruit  before  the  latter  is 
entered  by  the  larvae,  the  destruction  of  the  latter  in  large  numbers  is 
insured.  Successful  spraying,  therefore,  must  be  based  on  a  knowledge 
of  the  diseases  and  insects  to  be  controlled.  With  all  of  the  aflFections 
here  considered  the  work  should  be  done  in  advance  of  their  expected 
appearance  in  the  orchard.  There  are  two  principal  reasons  why 
spraying  in  the  hands  of  some  is  unsatisfactory,  namely,  failure  to 
make  the  applications  at  the  proper  time  and  failure  to  thoroughly 
coat  the  trees  and  fniit  with  the  mixture.  In  order  to  overcome  the 
former  difficulty  the  orchardist  must  be  informed  as  to  the  nature  of 
the  malady  or  insect  to  be  treated,  and  the  latter  may  be  overcome 
by  maintaining  proper  equipment  and  by  giving  the  necessary  atten- 
tion to  thoroughness  in  spraying. 

In  the  operation  of  spraying  the  liquid  shouM  be  broken  into  a  very 
fine  mist.  The  nozzles  should  be  so  manipulated  that  every  part  of 
the  foliage  and  fruit  shall  be  uniformly  covered  with  fine  dots  of  the 
spray.  It  is  not  necessary  that  the  foliage  and  fruit  should  be 
actually  coated  with  the  spray,  but  every  portion  should  be  thickly 
peppered  with  it.  The  higher  and  inner  portions  of  the  tree  are  com- 
monly insufficiently  sprayed,  and  while  the  liquid  may  actually  be 
dripping  from  the  lower  branches,  the  upper  parts  of  the  tree  may 
show  but  little  of  the  spray. 

The  desired  mist-like  spray  can  ordinarily  be  secured  only  with 
high  pressure  at  the  pump.  This  pressure  should  be  not  less  than  100 
pounds,  though  this  is  not  ordinarily  obtained  except  with  gasoline 
or  other  power  outfits,  which  should  supply  a  pressure  of  125  pounds 
to  150  pounds.  When  hand  pumps  are  used  the  pressure  should  be 
maintained  as  liigh  as  practicable,  and  never  less  than  75  pounds,  in 
which  case  good  nozzles  become  more  essential  for  perfect  work. 
To  maintain  this  pressure  will  require  constant  hard  work,  and 
the  tendency  \\ill  be  to  allow  the  pressure  to  lighten.  Except  in 
spraying  the  tops  of  trees  the  nozzle  men  shouW  never  ride  in  the 
wagon,  even  while  spraying  the  smallest  trees.  In  order  to  reach  the 
inner  branches  and  the  underside  of  the  fruit  and  foUage  the  operator 
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must  spray  from  the  ground,  where  he  is  free  to  walk  around  and 
under  the  trees.  Many  failures  result  from  attempts  to  spray  trees 
from  the  wagon  as  the  outfit  is  being  driven  by. 

INJUBT  TO  FOLIAGE  FROM  SPRATS. 

Under  certain  conditions  there  may  be  in  some  years  more  or  less 
russeting  of  the  fruit  and  injury  to  foUage  from  the  use  of  Bordeaux 
mixture,  the  injury  mostly  to  the  fruit  following  the  applications 
made  soon  after  the  falling  of  the  petals,  for  the  apple  scab.  In  sev- 
eral of  the  demonstration  orchards  in  the  Ozarks  and  in  Nebraska 
injury  to  foUage  and  fruit  was  noticed.  The  russeting  of  the  fruit, 
however,  in  most  cases  gradually  disappeared  as  the  apples  developed, 
and  at  picking  time  was  scatcely  noticeable.  In  the  Hansell  orchard 
at  Fordland  a  few  of  the  apples  at  picking  time  were  so  russeted  as  to 
be  undesirable  for  packing.  Also  some  fohage  injury  resulted  from 
the  July  and  August  applications  of  Bordeaux  mixture  and  arsenicals, 
the  foliage  on  the  newer  growth  being  in  some  cases  scorched  and 
browned  around  the  edges  of  the  leaves,  and  in  others  these  became 
yellow,  a  small  percentage  falling.  The  foUage  injury,  however,  was 
soon  outgrown  and  by  autumn  the  sprayed  trees  carried  a  heavy 
foliage,  whereas  the  unsprayed  trees  were  practically  bare  on  account 
of  injury  from  leaf-spot  diseases,  as  already  described.     (See  fig.  3.) 

SCHEDULE  OF  APPLICATIONS. 

The  following  schedule  of  applications  is  recommended  as  a  system 
of  orchard  spraying  for  regions  where  all  of  the  several  affections 
herein  considered  are  likely  to  occur,  as  in  the  Ozarks.  The  treat- 
ment for  each  of  these  troubles  when  considered  alone  has  been  given 
in  connection  with  their  discussion  in  the  preceding  pages,  and  where 
they  do  not  all  occur  together  the  orchardist  will  be  able  to  arrange  a 
combination  treatment  for  his  particular  troubles.  With  some  varie- 
ties, practically  immune  to  scab,  the  first  application  may  be  unnec- 
essary, ^nd  the  first  treatment  required  is  the  second  one  of  the 
schedule,  i.  e.,  for  the  codling  moth.  In  localities,  or  with  varieties 
immune  to  the  bitter-rot,  the  last  application  of  Bordeaux  mixture 
may  be  omitted,  or  the  amount  of  copper  sulphate  in  the  formula 
reduced. 

First  application. — Spray  with  Bordeaux  mixture  (5-5-50  formula) 
and  an  arsenical,  after  the  cluster  buds  have  opened,  but  prior  to 
blooming.  This  is  the  first  scab  treatment,  and  is  made  to  prevent 
that  disease  from  infecting  the  fruit  buds  and  young,  unfolding  leaves. 
The  arsenical  will  destroy  any  larvae  feeding  on  the  foliage  or  buds, 
such  as  canker  worms,  bud-moth,  etc. 
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Second  application. — Spray  with  Bordeaux  mixture  and  an  arsen- 
ical, as  2  pounds  of  arsenate  of  lead  or  6  ounces  of  Paris  green  to  50 
gallons  of  the  Bordeaux  mixture,  immediately  after  the  petals  fall. 
This  is  the  second  treatment  for  scab  and  the  first  for  the  codling  moth. 
Special  pains  must  be  taken  to  fill  with  the  spray  the  calyx  cavity  of 
each  little  apple,  where  the  poison  will  be  retained  to  kill  the  young 
larvae  as  they  attempt  later  to  enter  the  fruit.  If  this  application  has 
not  been  thoroughly  made,  a  supplemental  treatment  should  be  given 
within  a  week  and  before  the  calyx  lobes  close,  in  order  to  further 
insure  the  poisoning  of  each  calyx  cavity  and  afford  additional  pro- 
tection against  the  scab. 

Third  application. — Spray  with  Bordeaux  mixture  and  an  arsen- 
ical, as  above,  three  weeks  from  the  dropping  of  the  petals.  This 
treatment  is  especially  important  for  destroying  codling  moth  larvae 
just  as  they  are  hatching  from  eggs  placed  here  and  there  on  the 
foliage  and  fruit.  It  is  also  an  important  treatment  in  the  control  ot 
leaf-spot  diseases,  and  in  some  seasons  is  necessary  for  the  prevention 
of  scab. 

Ponrth  application. — Spray  with  Bordeaux  mixture  and  an  arsen- 
ical, as  above,  six  or  seven  weeks  after  the  petals  fall.  This  is  the  first 
treatment  for  the  bitter-rot  and  apple  blotch  diseases,  and  is  also 
important  for  the  control  of  leaf-spot.  Where  the  preceding  applica- 
ticms  have  been  omitted  and  the  weather  conditions  (hot  and  showery) 
indicate  an  early  infection  period,  this  treatment  should  perhaps  be 
made  a  week  earlier. 

Pifth  application. — Spray  with  Bordeaux  mixture  and  an  arsen- 
ical, as  above,  about  nine  weeks  from  the  close  of  the  blooming  period 
or  two  weeks  later  than  the  fourth  application.  This  constitutes  the 
second  application  for  the  bitter-rot  and  apple  blotch  diseases,  and 
the  first  for  the  second  brood  of  the  codling  moth.  It  also  affords 
further  protection  against  leaf -spot. 

Sixth  application.— Spray  with  Bordeaux  mixture  and  an  arsen- 
ical, as  above,  about  twelve  weeks  after  the  })etals  fall  or  three  weeks 
after  the  fifth  application.  This  constitutes  the  second  application 
for  the  second  brood  of  the*  codling  moth  and  the  third  for  the  bitter- 
rot  and  apple  blotch  diseases. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

'Washington^  D.  C,  March  6,  1907, 
Sm:  We  have  the  honor  to  transmit  herewith  a  paper  entitled 
"Insect  and  Fungous  Enemies  of  the  Grape  East  of  the  Rocky  Moun- 
tains/' prepared  by  Mr.  A.  L.  Quaintance,  of  the  Bureau  of  Entomol- 
ogy, and  Dr.  C.  L.  Shear,  of  the  Bureau  of  Plant  Industry. 

This  bulletin  treats  of  the  principal  insect  and  fimgous  enemies  of 
the  American  varieties  of  grapes,  giving  the  most  successful  methods  of 
treatment  at  present  known.  It  first  states  the  nature  of  the  insect 
enemies  and  the  means  of  controlling  them,  then  discusses  the  fungous 
parasites,  including  treatment,  and  in  conclusion  gives  an  account  of 
spraying  apparatus,  with  directions  for  applying  spray  mixtures. 
The  reason  for  the  joint  publication  arises  from  the  fact  that  the  reme- 
dial measures  used  in  combating  the  insects  and  the  fungous  parasites 
are  of  such  a  nature  that  the  applications  can  be  combined  and  there- 
by result  in  a  great  reduction  in  cost  of  time  and  labor.  We  recom- 
mend the  publication  of  this  paper  as  a  Farmers'  Bulletin. 
Respectfully, 

L.  O.  Howard, 
Chief  of  the  Bureau  of  Entomology. 
B.T.Galloway, 
Chief  of  the  Bureau  of  Plant  Industry, 
Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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INSECT  AND  FUNGOUS  ENEMIES  OF  THE  GRAPE 
EAST  OF  THE  ROCKY  MOUNTAINS. 


INSECT   ENEMIES. 

All  of  the  important  insect  enemies  of  the  grape  in  the  United  States 
at  the  present  time  are  native  American  species,  feeding  originally,  as 
they  do  at  the  present  day,  on  various  wild  species  of  grapes  and 
related  plants.  With  the  planting  of  vineyards  and  the  extension  of 
the  grape-growing  industry  many  species  attacked  also  the  cultivated 
varieties,  and  some  few  have  become  exceedingly  troublesome  pests. 
Perhaps  no  horticultural  crop  so  well  illustrates  the  serious  loss  which 
may  result  from  native  species  of  insects  attacking  cultivated  varieties 
of  their  natural  wild  food  plants  as  does  the  grape.  As  a  rule,  varieties 
with  a  preponderance  in  parentage  of  the  European  grape  {Vitis 
vinifera)  are  not  vigorous  growers  in  the  Middle  and  Eastern  States 
and  suflFer  to  a  greater  degree  from  insect  attack  than  varieties  with 
parentage  of  American  vines.  But  these  latter  are  not  exempt 
and,  with  the  exception  of  one  or  two  insects,  are  equally  subject  to 
attack.  The  principal  exception  to  be  noted  is  the  grape  phylloxera, 
an  aphide  or  ' 'plant  louse''  which  infests  the  roots  and  also  the  leaves 
of  the  grape  and  is  especially  injurious  to  vinifera  or  European  varieties. 
Several  species  of  American  grapes  and  some  of  their  hybrids  and 
varieties,  and  other  kinds  to  a  less  degree,  are  resistant  to  attack  from 
this  insect,  and  these  are  used  as  grafting  stock  for  vinifera  varieties  in 
California  and  Europe,  where  the  insect  has  been  and  is  especially 
troublesome.  It  has  been  suggested  that  certain  species  or  varieties 
of  American  grapes  are  resistant  to  the  grape  root-worm  also,  and 
although  there  is  no  evidence  bearing  on  the  question,  the  matter  is  of 
sufficient  importance  to  warrant  careful  investigation. 

Of  the  two  hundred  or  more  species  of  insects  known  to  feed  upon 
the  grape  in  the  United  States,  those  treated  herein  include,  with  the 
exception  of  the  phylloxera,  those  of  principal  importance,  namely, 
the  grape  root-worm,  grape  berry  moth,  grape  curculio,  grape  leaf- 
hopper,  grape  leaf-folder,  grapevine  flea-beetle,  and  rose-chafer. 
Grape  insects  are  not  less  amenable  to  treatment  than  insect  pests  of 
other  fruit  crops,  and  the  vineyardist  may  confidently  expect  to  be 

284 

(5) 


6 

able  to  keep  them  under  control  by  the  application  of  the  remedies 
herein  recommended.  As  the  reader  will  leam  in  the  following  pages, 
the  principal  insect  and  fungous  enemies  of  the  grape  may  be  controlled 
with  material  reduction  of  cost  by  timely  and  thorough  applications  of 
a  combined  insecticide  and  fungicide  used  in  the  form  of  a  liquid  spray. 
As  in  the  control  of  most  other  insect  pests,  cultural  methods  are  of 
very  great  importance.  Vines  kept  in  a  vigorous,  healthy  condition 
by  cultivations  and  fertilization  are  much  better  able  to  withstand 
insect  attack  than  those  grown  under  conditions  of  neglect. , 

THE  QBAPE  BOOT-WOBM. 

The  grape  root-worm  {Fidia  vitidda  Walsh),  as  the  name  indicates 
infests  the  roots  of  the  grape,  devouring  more  or  less  completely  the 
smaller  roots  and  rootlets  and  eating  pits  or  burrows  into  the  outer 
portion  of  the  larger  roots.  It  is  the  larva  of  a  small,  hairy,  chest- 
nut-brown beetle  which  makes  its  appearance  in  vine3^ards  at  about 
the  close  of  the  blooming  period  of  such  varieties  of  grapes  as  Con- 
cord, Niagara,  Catawba,  and  Delaware.  The  beetles  feed  freely  on  the 
upper  surface  of  the  leaf,  eating  a  series  of  patches  or  holes  through 
to  the  lower  surface,  thus  producing  characteristic  chain-like  feed- 
ing marks,  as  shown  in  figure  1  at  A,  by  which  their  presence  in 
vineyards  may  be  readily  detected.  The  injury  to  the  foliage,  how- 
ever, is  quit^  unimportant  compared  to  the  work  of  the  larvae  on 
the  roots.  When  tne  larvae  are  abundant  the  vines  may  be  killed 
in  the  course  of  a  season  or  two,  but  usually  the  plants  will  live 
longer,  though  making  but  a  feeble  growth  and  failing  to  produce 
profitable  crops.  The  death  of  vines  or  the  gradual  failure  of  a  vine- 
yard should  call  for  an  examination  of  the  foliage  for  the  feeding 
marks  of  the  beetles  and  of  the  roots  for  the  work  of  the  larvse  on 
these  parts. 

Distribution  and  Destructiveness. 

The  grape  root-worm,  or  grapevine  Fidia,  is  without  doubt  a 
native  species,  feedinc;^  originally  on  wild  grapes,  as  it  does  at  the 
present  time.  In  addition  to  cultivated  varieties  of  grapes  it  has 
also  been  recorded  as  feeding  on  the  Virginia  creeper  (A^npehpsis 

Jminquefolia)  and  the  American  red-bud  {Oercis  canadenMs).  In  the 
iterature  of  the  species  it  is  said  to  occur  in  Iowa,  Missouri,  Arkansas, 
Illinois,  Kentucky,  Ohio,  New  York,  and  New  Jersey.  In  1892 
Doctor  Iloni  gave  the  distribution  of  the  insect  as  from  the  *' Middle 
States  to  Dakota,  Florida,  and  Texas.''  According  to  the  records  of 
the  Bureau  of  Entomology  the  insect  occurs  in  New  York,  Pennsyl- 
vania^ Virginia,  North  Carolina,  Ohio,  Hhnois,  Kentucky,  Missouri, 
Mississippi,  Texas,  and  California.  The  species  is  therefore  widely 
distributee!  in  the  Mississippi  Valley  and  in  the  Eastern  States,  and 
occurs  also  in  California. 

This  insect  first  came  into  notice  as  a  pest  of  cultivated  grapes  in 
1866,  in  Kentucky,  by  reason  of  injury  to  the  foliage  caused  by  the 
adults  or  beetles.  Tnis  attack  was  tne  subject  of  a  short  note  by 
Mr.  B.  D.  Walsh  in  the  Practical  Entomologist. **    The  following 

o  Practical  Entx)mologi8t,  Vol.  1,  p.  99  (1866). 
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year  the  species  was  described  by  Mr.  Walsh  and  given  the  name  it 
still  bears."  Riley  in  1879,  in  his  First  Report  on  the  Injurious 
Insects  of  Missouri,  regarded  the  insect  as  one  of  the  worst  pests  of 
the  vine  in  that  State,  where  it  occurred  abundantly  and  was  mis- 
called the  rose  bug  {Mdcrodactylus  suhspinosiis)  /  In  1893  and 
subsequently  the  insect  became  very  injurious  in  vineyards  in 
northern  Ohio,  and  was  carefully  investigated  bv  Prof.  F.  M.  Web- 
ster,^ who  showed  that  the  larvse  or  grubs  of  the  beetle  fed  upon  the 
roots  of  the  vine,  causing  much  more  serious  damage  than  was  caused 
hj  the  beetles  in  feeding  upon  the  foliage.  In  1900  the  insect  was 
discovered  by  Professor  Slingerland '^  to  occur  in  injurious  numbers 
in  vineyards  in  the  Chautauqua  grape  belt  in  western  New  York, 
and  during  the  three  or  four  years  following  was  carefully  studied 
by  him  and  also  by  Dr.  E.  P.  Felt,  and  effective  remedial  measures 
were  devised  by  extensive  practical  experiments.  At  the  present 
time  the  grape  root-worm  continues  to  oe  a  pest  of  importance  in 
the  vineyards  of  northern  Ohio,  the  Erie  grape  belt  in  Pennsylvania, 
and  the  Chautauqua  region  of  western  New  1  ork.  Throughout  these 
regions  the  insect  on  the  whole  seems  to  be  diminishing  in  importance, 
in  part  through  natural  agencies  but  more  especially  following  ade- 
quate cultivation  of  vineyards  and  the  use  of  sprays. 

The  insect  thrives  best  in  vineyards  which  are  neglected;  in  the 
absence  of  cultivation  and  timely  spraying  it  is  likely  to  become  a  seri- 
ous pest  in  any  vineyard  throughout  its  range  of  distribution.  This  is 
especially  the  case  m  li^ht,  sandy  soils  and  in  regions  where  grape 
growing  is  a  considerable  industry. 

Description  and  Life  History. 

Adult. — ^The  beetle,  or  parent  insect  of  the  grape  root-worm,  is  shown 
enlarged  at  a,  figure  1.  It  is  about  one-fourth  of  an  inch  long,  rather 
stout,  ^-ith  long  legs,  the  body  brownish  in  color  and  covered  with 
grayish  white  hairs.  The  adults  make  their  appearance  in  vineyards 
beginning  about  the  close  of  the  blooming  period  of  the  vines,  which  in 
the  New  York,  Pennsylvania,  and  Ohio  grape  districts,  during  normal 
seasons,  will  be  from  about  the  15th  to  about  the  20th  of  June.  The 
great  majority  of  beetles  will  appear  during  the  latter  part  of  June  and 
the  first  two  or  three  weeks  or  July,  though  a  few  will  be  coining  out 
during  the  latter  part  of  July,  and  stragglers  may  appear  for  a  month 
or  six  weeks  later.  In  a  given  locality  there  will  be  some  variation  in 
the  time  of  appearance,  which  will  be  earlier  on  light,  sandy  soils  or 
warmer  locations  and  later  on  heavier  soils.  In  the  course  of  a  few 
days  after  emergence  the  beetles  begin  to  feed,  eating  rows  of  holes  in 
the  upper  surface  of  the  leaf,  as  shown  in  figure  1  at  h.  After  some 
days  or  feeding  the  females  begin  to  deposit  ^ggs,  the  number  for  an 
individual  female  varying  consioerably.  Doctor  Felt  "^  has  obtained  egg- 
la^-ing  records  of  156,  342,  and  902  eggs,  respectively,  for  three  indi- 
viduals, and  the  averages  per  insect  from  three  lots  of  insects  kept  under 
observation  were  141,  192,  and  488,  respectively,  the  average  for  the 

a  Practical  Entomologist,  Vol.  2,  pp.  87-88  (1867). 
b  Bui.  62,  Ohio  Agrl.  Exp.  Station  (1895). 
c  Bui.  184,  Coraell  Univ.  Agrl.  Exp.  Station  (1900). 
d  Bul.  19.  Office  State  Ent.  of  N.  Y.,  p.  20  (1903). 
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entire  number  being  nearly  175  eggs  per  female.  According  to  the 
same  writer,  about  45  per  cent  of  the  eggs  of  the  individuals  above  men- 
tioned were  deposited  during  the  first  two  weeks,  and  73  per  cent  of  the 
entire  number  were  deposited  during  the  first  month  after  emergence. 
Beetles  are  to  be  foimd  on  the  vines  during  a  considerable  period,  owing 
to  their  longevity  and  to  an  irregularity  in  emergence,  though,  as 
stated,  oviposition  is  largely  done  during  the  three  or  four  weeks  fol- 


Fio.  1.— Grape  root-worm  {Fidia  viticida) :  o,  Adult  or  beetle;  b,  eggs  on  cane,  about  natural  size;  c, 
eggs,  enlarged;  d,  full-grown  larva;  e,  pupa;  /,  f,g,  roots  of  grape,  showing  injury  by  larvsB;  h, 
grape  leaf,  showing  characteristic  cham-like  feeding  marks  made  by  beetles,  a,  c,  d,  e,  Much 
enlarged;  b,  g,  about  natural  size;  /,  h,  reduced. 

lowing  emergence.  Upon  being  disturbed  many  of  the  beetles  will  lose 
their  hold  upon  the  vines  and  fall  to  the  ground  m  their  efforts  to  escape 
detection.  Advantage  mav  be  taken  oip  this  fact,  as  explained  later, 
to  collect  the  insects  from  tne  vines  bv  jarring. 

Egg. — Eggs  are  deposited  in  patches  usually  from  25  to  40,  some- 
times less,  but  rarely  more,  according  to  Slingerland,  mostly  imder  the 
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bark  of  last  year's  wood,  and  may  occur  quite  generally  over  the  canes, 
some  quite  near  to  the  upper  wire  of  the  trellis.  As  stated  by  Professor 
Webster*,  700  eggs  were  found  on  a  single  vine,  and  225  eggs  from  a 
section  of  a  cane  out  16  inches  lonjg.  The  eggs  are  nearly  cyundrical  in 
shape,  tapering  at  each  end ;  whitish  when  ^rat  laid,  but  soon  becoming 
vellowish  in  color.  The  eggs  are  about  one-twenty-fifth  of  an  inch  in 
length,  and  more  or  less  concentrically  arranged  in  patches.  From  9  to 
12  days  are  required  for  the  eegs  to  hatch.  See  figure  1,  at  6  and  c, 
showing  eggs  on  grape  cane  anomore  enlarged. 

Larva. — On  hatcmng,  the  larvae  drop  to  the  groimd.  At  this  time 
they  are  about  one-seventeenth  of  an  inch  in  length,  and  from  their 
smajl  size  are  readily  able  to  find  their  way  through  the  soil.  Although 
the  powers  of  locomotion  and  endurance  of  the  young  larvae  are  con- 
siderable, to  enable  them  to  overcome  difficulties  in  reaching  their  food, 
many  doubtless  fail  to  do  so  and  perish.  When  established  on  the  roots, 
however,  the  grubs  feed  freely  and  grow  rapidly.  By  fall  the  majority 
of  them  will  be  full-grown  or  nearly  so.  Upon  the  approach  or  cold 
weather  they  descend  into  the  earth  several  inches,  a  few  as  much  as  a 
foot  below  tne  surface,  and  here  construct  oval  eartiien  cells  in  which 
they  pass  the  winter.  With  the  approach  of  warm  weather  the  larvae 
ascend  to  a  point  near  the  surface,  tne  immature  ones  completing  their 
growth,  and  the  pupal  stage  is  entered  mostly  from  about  2  to  3  iQches 
below  the  surface  of  the  soil  and  within  a  radius  of  1 J  to  2  feet  from  the 
base  of  the  vine.  The  full-grown  larva  is  about  five-eighths  of  an  inch 
long,  the  body  wliitish,  resting  in  a  curved  position.  The  head  is  yel- 
lowish brown  in  color,  with  a  transverse  diameter  somewhat  less  tnan 
that  of  the  body.  The  spiracles  or  breathing  pores  along  each  side  are 
well  marked,  varying  from  lijght  to  yellowish  Brown  in  color.  As  shown 
in  figure  1,  at  (?,  the  insect  in  this  stage  resembles  in  miniature  one  of 
the  common  white  grubs,  from  which  it  may  be  distinguished  by  the 
dark  food  material  in  the  abdomen  of  the  latter. 

Pupa. — The  full-grown  larva  prepares  an  earthen  cell,  wfthin  which 
it  shortly  changes  to  the  pupa  or  turtle ''  stage.  In  this  condition 
the  insect  is  soft  and  helpless,  and  the  earthen  cells  are  readily  broken 
open  and  the  pupae  crushed  or  otherwise  killed  by  stirring  the  soil.  As 
stated,  the  majority  of  the  larvae  pupate  about  2  or  3  inches  below  the 
surface  of  the  ground,  and  this  makes  possible  their  destruction  in 
large  numbers  by  timely  cultivations,  as  will  be  explained  under 
the  discussion  of  remedies.  Pupation  is  perhaps  at  its  height  just 
before  the  blossoms  of  the  grape  begin  to  open,  but  the  vineyardist 
may  determine  the  period  witn  exactness  by  examining  the  earth 
around  the  base  of  infested  vines  to  ascertain  the  proportion  of  pupae 
and  larvae  present.  Throughout  the  Chautauqua,  Erie,  and  Ohio 
grape  belts,  during  normal  seasons,  the  insects  will  be  in  the  pupal 
stage  in  maximum  numbers  during  the  first  two  or  three  weeks  of 
June,  varying  somewhat,  however,  according  to  season  and  the  char- 
acter of  the  soil,  being  earlier  on  sandy  and  later  on  clay  soils.  The 
pupa  is  shown  in  figiure  1  at  e.  It  is  from  one-fourth  to  one-third  of  an 
men  long,  whitish  in  color,  but  with  a  pinkish  coloration  about  the 
head,  thorax,  and  caudal  portion.  On  the  head,  body,  and  append- 
ages are  spines,  as  shown  in  the  figure.  The  pupal  stage  lasts  about 
two  weeks. 


a  Bul.  62,  Ohio  Agrl.  Exp.  Station,  p.  82  (1895). 
27724— No.  284—07 2 


10 

Natural  Enemies. 

No  parasitic  enemies  of  the  beetles,  pup8e,.or  larvae  are  recorded,  but 
Professor  Webster,  in  Ohio,  has  bred  from  the  eggs  two  species  of  small 
hymenopterous  wasps,  namely,  FidiohiaflavipesAshm.ySind  Brachy- 
stichajiaise  AshiH.,  which  he  lound  to  be  doing  most  excellent  work. 
The  former  parasite  was  also  bred  from  eggs  By  Slingerland  in  New 
York  State  m  1905.  Eggs  are  also  attacked  by  two  or  three  species 
of  small  mites,  which  destroy  them  by  extracting  the  contents.  The 
common  little  brown  ant,  Lasius  hmuTieus  var.  S^ienus,  also  has  been 
observed  to  feed  upon  the  eggs,  and  several  predaceous  insects  w  ere 
found  by  Dr.  E.  P.  Felt  in  the  course  of  his  field  work  in  New  York 
occurring  in  the  soil  infested  by  root-worms,  and  he  thought  it  prob- 
able that  these  preyed  upon  this  species.  The  beetles  are  no  aoubt 
fed  upon  by  insectivorous  birds  and  barnyard  fowls,  which  also  are 
known  to  feed  upon  the  pupae  exposed  in  cultivating. 

Treatment. 

The  insect  may  be  fought  in  three  important  ways,  namely,  by 
poisoning  the  adults  with  -an  arsenical  spray,  jarring  them  from  the 
vines  onto  sheets,  and  destroying  the  pupae  m  the  son  by  cultivation. 

Poisoning. — Shortly  after  emergence  the  beetles  begin  to  feed  upon 
the  foliage,  eating  holes  in  the  upper  surface  of  the  grape  leaves,  and 
hence  may  be  readily  poisonea.  The  use  of  poisons  was  recom- 
mended by  Mr.  Marlatt^  in  1895,  while  Messrs.  Slingerland  and 
Johnson  have  shown  by  extensive  practical  experiments  that  the 
numbers  of  the  pest  may  be  greatly  reduced  in  this  way,  and  that 
poisoning  in  conjunction  with  cultivation,  to  be  later  mentioned, 
aflfords  almost  complete  protection  from  its  injuries.  To  be  effective, 
however,  the  poisoned  spray  must  be  applied  at  the  right  times  and 
with  great  thoroughness.  The  beetles  begin  to  put  in  an  appearance 
at  about  the  close  of  the  blooming  period.  Careful  watch  snould  be 
kept,  and  upon  the  first  signs  of  tne  chain-like  feeding  marks  on  the 
leaves  the  vines  should  be  thoroughly  sprayed  with  a  poison.  A  sec- 
ond application  should  be  made  in  a  week  or  ten  days.  These  appli- 
cations are  intended  to  poison  the  newly  emerged  beetles  during  their 
first  feeding  and  before  they  have  deposited  their  eggs  to  any  extent. 
If  applications  be  delayed  two  or  three  weeks  beyond  the  time  indi- 
cated, a  considerable  percentage  of  the  eggs  will  have  been  deposited, 
and  the  treatments  will  lose  much  of  their  value.  Vineyardists 
having  this  pest  to  contend  with  should  not  make  the  mistake  of 
spraying  a  little  too  late,  but  should  have  everything  in  readiness  to 
begin  applications  upon  the  first  appearance  of  the  beetles.  The 
beetles  plainly  avoid  feeding  on  foliage  sprayed  with  Bordeaux  mixture 
or  arsenate  of  lead,  seeking  the  unsprayed  leaves  as  much  as  possible. 
It  is  therefore  especially  necessary  to  make  applications  with  great  thor- 
oughness, poisoning  as  nearly  as  possible  the  upper  surface  of  every 
leaf,  so  that  the  beetles  will  be  poisoned  or  forced  to  leave  the  vines 
for  food.  This  desired  thorougmiess  of  treatment  is  not  obtained  as  a 
rule  by  vineyardists,  and  greater  care  should  be  exercised  in  this  work. 
In  commercial  vineyards  the  tendency  will  be  to  hurry  through  the 

o  Yearbook  U.  S.  Dept.  of  Agriculture,  1895,  p.  393. 
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work,  covering  12  or  15  acres  per  day,  using  an  insufficient  amoimt  of 
spray.  With  the  spraying  machinery  in  oonunon  use  7  to  8  acres  per 
day  is  about  all  that  may  be  covered  with  the  desired  thoroughness, 
and  about  125  gallons  or  spray  mixture  should  be  applied  per  acre. 
In  spraying  for  the  grape  root-worm,  the  poison  should  always  be 
applied  in  Bordeaux  mixture,  which  is  used  in  the  control  of  fungous 
diseases,  as  elsewhere  considered  in  this  bulletin.  The  several  arsenical 
poisons  which  may  be  used  are  discussed  on  pages  26  and  27. 

Destmction  of  beetles  by  jarring. — Doctor  Felt  has  made  extensive 
practical  tests  of  jarring  the  beetles  from  the  vines  and  catching 
them  on  sheets  or  special  forms  of  catchers  run  under  the  plants  or 
alon^  the  rows,  and  considers  this  to  be  an  effective  plan  of  con- 
trollmg  the  pest,  the  Jarring  of  the  vines  causing  many  of  the 
beetles  to  fall  in  their  efforts  to  escape  detection.     A  sheet  of  canvas 

E laced  on  the  CTound  beneath  the  vines  will  serve  to  catch  the  beetles, 
ut  where  work  of  this  kind  is  done  on  a  lai^e  scale  special  apparatus 
must  be  provided.  There  is  room  for  considerable  ingenuity  in  con- 
structing catchers  that  will  suit  individual  conditions.  Concerning 
the  value  of  jarring,  Doctor  Felt  says:**  ''Our  experience  with  col- 
lectors has  demonstrated  the  practicability  of  catching  the  beetles, 
and  we  recommend  this  operation  for  all  badly  infested  sections,  and 
that  the  collecting  be  begun  as  sQon  as  the  beetles  appear  on  the  vines 
in  any  numbers,  say  where  there  are  12  or  15  on  one.  The  operation 
should  then  be  repeated  at  intervals  of  5  to  7  days  till  the  vines  have 
been  gone  over  two,  three,  or  four  times,  depending  somewhat  on  the 
number  of  insects  which  are  captured.  It  will  be  found  that  it  is  much 
easier  to  catch  the  beetles  on  warm  days,  when  it  shauld  be  done,  than 
in  cool  weather.'^ 

Destruction  of  pnpse  by  cultivation. — While  the  grape  root-worm 
may  be  present  in  well  cultivated  vineyards,  it  is  much  less 
destructive  than  in  vineyards  which  receive  mdifferent  cultivation  or 
total  neglect.  It  has  long  been  known  that  much  good  may  be  done 
in  controlling  insects  which  live  upderground  by  breaking  open  their 
pupal  cells  and  crushing  or  otherwise  killing  the  helpless  pupae. 
The  importance  of  this  work  in  the  destruction  of  pupae  of  the  grape 
root-worm  was  first  pointed  out  by  Professor  Slingerland  in  his 
studies  of  this  pest  in  the  Chautauqua  grape  belt,  and  subsequent 
experiments,  confirmed  by  practical  experience,  have  shown  that  this 
is  a  very  important  mefhod  of  reducing  the  numbers  of  insects.  After 
the  larvae  have  become  full  grown  the  great  majority  pupate  but  2  or 
3  inches  below  the  surface  of  the  soil,  and  mostly  within  a  radius  of 
1}  or  2  feet  from  the  base  of  the  vine.  In  this  stage  the  insects  are 
quite  helpless,  and  are  killed  in  large  numbers  by  a  thorough  breaking 
up  of  the  soil  around  the  base  of  the  plants.  As  stated,  the  insect  will 
be  in  the  pupal  stage  in  maximum  numbers  just  before  the  period  of 
blooming  of  the  vines,  and  the  cultivating  should  be  done  at  tnis  time. 
In  the  Ohio,  Pennsylvania,  and  New  York  grape  districts  this  will  be 
about  the  middle  of  June,  the  time  varying  somewhat  according  to  the 
character  of  the  season  and  of  the  soil.  The  details  of  this  work  are 
ven"  important  and  require  explanation. 

With  the  last  cultivation  in  the  fall  the  earth  should  be  thrown  to 
the  vines  on  each  side,  forming  a  ridge  along  the  row.     The  following 

oBul.  19,  Office  State  Ent.  of  N.  Y.,  p.  37  (1903). 
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spring  the  larvae  in  making  their  way  toward  the  surface  of  the  soil  to 
pupate  will  mostly  work  up  in  this  ndge  of  earth,  above  the  surf  ace  of- 
the  roots,  and  there  enter  the  pupal  stage.  The  cultivation  of  the 
vineyard  in  the  spring  should  be  so  adjusted  that  this  lidge  of  earth 
may  be  thrown  away  from  the  vines  when  most  of  the  insects  are  in 
the  pupal  stage,  as  one  of  the  regular  cultivations.  An  implement 
known  as  a  'Tiorse-hoe,"  generally  used  in  vineyards,  may  be  em- 
ployed to  great  advantage  m  this  work;  but  as  it  is  not  practicable  to 
remove  the  earth  from  immediately  around  the  vine  owing  to  danger 
of  injury,  it  is  necessary  to  follow  the  horse-hoe  at  once  and  remove 
the  earth  with  a  hand-hoe.  The  latter  work  is  also  done  as  a  part  of 
the  regular  vineyard  treatment  to  keep  down  weeds  and  grass,  and  is 
timed  so  as  to  supplement  the  plowing  with  the  horse-hoe  for  the  insect. 
Following  the  removal  of  the  ridge  or  earth  from  along  the  vines,  it  is 
well  to  keep  the  ground  stirred  at  frequent  intervals  by  means  of  a 
cultivator  to  further  insure  the  destruction  of  the  pupae. 

GBAPE  BEBBY  MOTH. 

The  larva  of  the  grape  berry  moth  (Polychrosis  vUeana  Clem.) 
infests  the  berry  or  fruit  of  the  grape.  The  first  generation  attacks 
and  webs  together  the  grape  clusteFs  even  before  the  blossoms  open 
or  soon  after  the  grapes  are  set.  Later-appearing  larvae  bore  into  the 
green  or  ripening  fruit  and  produce  a  purplish  spot  much  resembling 
m  appearance  the  inju^  due  to  the  black-rot  fun^s,  with  which  it  is 
freauently  confused.  Within  the  fruit  the  larvae  reed  on  the  pulp  and 
seeas,  passing  from  one  grape  to  another,  and  several  of  these  aiscol- 
ored  and  shriveling  berries  will  often  be  found  more  or  less  webbed 
together  with  numerous  particles  of  larval  excrement,  and  sticky 
with  exuding  grape  juice.  Other  insects  attack  the  fniit  of  the  grape, 
such  as  the  grape-seed  insect  (Isosoma  vitis  Saunders),  whose  larvae 
feed  on  the  seeas,  causing  the  berries  to  shrivel  late  in  the  summer, 
and  the  grape  curculio  {Orayonius  ins^qualis  Say),  whose  injury 
closely  resemoles  that  of  the  grape  berry  moth  and  is  considered  on  a 
later  page.  But  the  principal  cause  of  wormv  grapes  throughout  the 
country  is  the  larva  or  the  species  under  consideration.  Untn  recently 
it  was  thought  that  our  grape  berry  moth  was  introduced  from 
Europe  many  years  ago.  But  Messrs.  Slingerlend  and  Kearfott  have 
shown,^  by  careful  study  of  this  insect  and  related  species,  that  the 
insect  infesting  American  vineyards  is  quite  distinct  from  the  Euro- 
pean form  (Polychrosis  hotrana  Schiff).  These  gentlemen  have  also 
shown  that  the  American  grape  berry  moth  does  not  feed  upon  sumac, 
as  was  formerly  held,  and  consider  it  very  probable  that  tne  grape  is 
the  sole  food  of  this  species.  This  important  fact  greatly  simplifies 
the  question  of  its  control,  for  if  the  species  had  other  rood  plants 
vineyards  would  be  reinfested  from  outside  sources  despite  thorough 
treatments. 

Distribution  and  Destructiveness. 

The  American  grape  berry  moth  occurs  from  Canada  south  to  the 
Gulf  and  westward  to  California.  It  is  very  generally  distributed  over 
this  area,  and  wherever  the  grape  is  grown  it  is  more  than  likely  to  be 
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found.  For  a  -niimber  of  years  the  pest  has  been  troublesome  m  Ohio 
vineyards,  and  also  more  or  less  locally  in  the  Erie  2rape  belt  and  in 
New  York  State.  In  1902,  according  to  Shngerland,  it  was  destruc- 
tive all  through  the  Chautauqua  grape  belt,  and^vas  equally  destruc- 
tive through  a  large  part  of  this  area  during  the  two  succeeding  years. 
•  At  the  present  time  the  insect  is  destructive  in  individual  vineyards 
here  and  there  throughout  the  Chautauqua,  Erie,  and  northern  Ohio 

gape  districts,  causing  a  loss  of  many  thousands  of  dollars  annually. 
L  some  vineyards  a  loss  of  from  25  to  50  per  cent  of  the  crop  is  not 
infrequent,  and  in  occasional  instances  the  destruction  of  the  fruit  is 
practically  complete. 

DeiKniption  and  Life  History. 

The  grape  berry  moth  is  small,  the  wings  expanding  not  cjuite  one- 
half  incn.  The  general  color  is  purplish  brown,  the  wmgs  with  mark- 
ings as  shown  in  ^ure  2 .  Moths  appear  in  the  spring  from  hibernating 
pupae,  beginning  about  the  time  tne  shoots  of  the  grape  are  pushing 
out,  and  continuing  to  emerge  for  some  weeks.  The  earlier-appearing 
individuals  deposit  their  eggs  on  the  blossom  clusters,  while  those  com- 
ing out  fUfter  the  blossoms  are  shed  oviposit  on  the  clusters  of  young 
grapes. 

The  minute  scalelike  eggs  of  the  first  brood  of  moths  are  difficult 
to  find,  as  at  this  time  they  are  relatively  scarce,  but  may  be  readily 
detectcKi  during  summer  as  a  glistening  or  whitish  spot  on  the  surface 
of  the  berries.  The  larvae  of  the  first  generation  feed  upon  the  blos- 
soms and  small  berries,  webbing  them  together  more  or  less  and 
producing  a  more  or  less  ragged  bunch  of  grapes,  or  the  cluster  may 
be  almost  entirely  destroyed.  The  capabilities  of  the  larv»  for  injurv 
at  this  time  are  thus  seen  to  be  much  greater  than  is  the  case  with 
larvae  of  the  later  broods,  by  which  individual  berries  are  attacked. 
The  spring  brood,  however,  is  usually  quite  small;  evidently  there  is 
a  heavy  mortality  of  the  insect  during  the  preceding  fall  and  winter. 
About  3  weeks  are  required  for  a  larva  to  complete  its  growth  in 
summer,  when  it  is  about  three-eighths  of  an  inch  in  length,  slender, 
light  greenish  to  purplish  in  color,  the  head  slightly  bilobed,  greenish 
above,  and  brownisn  in  front,  the  thoracic  feet  blackish.  When 
ready  to  pupate  the  larvae  go  to  the  leaves,  and  a  small  portion  is  cut 
loose,  except  along  one  side,  and  bent  over  and  fastened  down  with 
silk.  Beneath  this  a  thin,  whitish,  silken  cocoon  is  spun,  and  in  3 
to  4  days  the  larva  changes  to  a  light  greenish  brown  pupa,  from 
which  the  moth  will  emerge  in  some  12  to  14  days.  Tne  larva 
and  curious  cocoon  and  pupa  are  shown  in  figure  2,  considerably 
enlarged.  Moths  of  the  second  and  later  generations  deposit  their 
eggs  on  the  developing  grape  berries,  and  the  resulting  larvae  bore 
into  these,  feeding  on  the  pulp  and  seeds,  the  entrance  point  of  the 
berry  being  marked  by  a  purplish  spot,  which  renders  their  detection 
quite  easy.  In  .the  CJnautauqua  and  Erie  grape  belts,  and  probably 
in  northern  Ohio,  moths  of  the  second  generation  will  begin  coming 
out  and  ovipositing  about  the  first  week  or  ten  days  of  July,  continu- 
ing for  some  weeEs,  the  first  and  second  broods  overlapping.  By 
tins  time  the  insects  will  have  increased  greatly  in  numbers,  and  the 
larvae  will  be  attacking  almost  exclusively  the  berries  of  the  grape, 
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for  which  reason  their  work  is  much  more  conspicuous.  Seco 
brood  larvae  infest  the  grape  during  July  and  August,  the  la 
appearing  individuals  probaoly  not  developing  to  moths  but  hil 
nating  in  the  pupal  tondition.  Many  of  the  earlier-appearing  ins4 
of  this  brood  appear  to  complete  their  life  cycle,  and  moths  devel 
giving  rise  to  a  third  generation  of  larvse.  According  to  the  obi 
vations  of  Mr.  Fred  Johnson,  of  the  Bureau  of  Entomology,  at  Nc 
East,  Pa.,  practically  a  full  third  brood  was  produced  during  1{ 
On  September  7,  according  to  this  observer,  larvse  one-third  to  c 
half  grown  were  very  numerous,  from  80  to  90  per  cent  of  the  1 
ries  m  many  clusters  having  been  injured.  Egg  shells  were  \ 
abundant  on  the  fruit,  which  at  this  time  was  Deginning  to  co 
Many  of  the  eggs  had  been  parasitized  by  what  is  probably  Trii 
gramma  pretiosa  Riley,  a  minute  hymenopterous  fly  which  ovipo 
m  the  eggs  of  many  species  of  lepidopterous  insects.  A  few  la: 
were  found  in  berries  by  Mr.  Johnson  as  late  as  October  17,  tho 
practically  all  of  the  larvae  had  left  the  fruit.  They  were  foi 
mostly  on  the  leaves,  which  had  already  fallen  to  the  ground,  wl 


Fig.  2.— Grape  berry  moth  (Polychrosis  viteana) :  o,  Adult  or  moth;  6,  larva;  c,  pupa;  d.  folded 
with  pupa  shell  projecting  from  case  cut  from  the  leaf;  /,  grapes,  showing  '  '  * 

pendcd  by  its  silk.    All  much  enlarged,  except  /,  somewhat  reducwi.     (Fron 


and  larva 
iatt.) 


it  appeared  the  larvae  went  to  pupate,  scarcely  any  being  found 
the  foliage  still  attached  to  the  vines.     In  the  Middle  and  Soutl 
States  it  is  inferred  that  there  may  be  each  year  three  full  bro< 
or  perhaps  more,  but  as  yet  the  insect  has  not  been  studied  in 
territory. 


Treatment. 


Poisons. — The  use  of  arsenical  poisons  against  the  first  brooc 
the  grape  berry  moth  was  recommended  oy  Mr.  Marlatt,  of 
Bureau  of  Entomology,  in  1895.**  Since  this  time  the  recommen 
tion  has  been  amply  justified  in  the  experience  of  numerous  v 
yardists,  who,  in  connection  with  the  fight  against  the  grape  r< 
worm,  found  that  their  early  sprayings  for  this  pest  were  also  c 
trolling  the  grape  berry  moth,  rroressor  Slingerland  reports 
instance  in  which  tliree  timely  applications  of  arsenate  of  lead,  at 
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rate  of  10  or  12  pounds  to  100  gallons  of  water,  gave  almost  absolute 
protection  during  the  rest  of  the  season.  Doctor  Felt  records  ^  that  the 
application  of  arsenate  of  lead  along  with  Bordeaux  mixture,  for  the 

frape  root-worm,  shortly  after  the  blossoms  had  fallen  and  before  the 
erries  had  grown  to  the  size  of  a  pea,  resulted  in  a  decrease  of  50  per 
cent  in  the  injury  to  fruit  by  the  berry  moth. 

While  definite  experiments  with  poisons  in  the  control  of  this  pest 
appear  not  yet  to  nave  been  reported,^  the  experience  above  given 
inaicates  their  great  usefulness.  As  would  appear  from  the  life  his- 
tory of  the  insect,  most  effective  work  may  be  done  by  destrojring  the 
first  brood  larvae,  which  feed  in  the  clusters  of  blossoms  and  berries. 
The  first  treatment  should  be  made  just  before  the  blossoms  are  ready 
to  open,  and  the  second  just  after  the  blossoms  have  fallen.  A  third 
treatment  in  a  week  or  ten  days  is  also  advisable  in  badly  infested 
vineyards.  In  all  these  treatments  special  care  should  be  exercised 
to  force  the  spray  well  through  the  clusters  of  blossoms  and  young 
fruit.  It  will  be  noted  that  the  second  and  third  treatments  for  the 
grape  berry  moth  will  coincide  with  the  first  and  second  treatments 
tor  the  grape  root-worm,  and  the  arsenicals  recommended  for  that 
insect  will  be  equally  satisfactory  for  the  grape  berry  moth.  (See 
page  10.) 

Picking  infested  berries. — This  practice  is  often  followed  by  vine- 
yardists,  and  is  especially  directed  against  larvae  of  the  second  brood. 
The  infested  spotted  green  berries,  which  are  readily  seen,  should  be 
carefully  searcned  for  and  destroyed .  This  practice  will  lessen  injury 
from  a  possible  later  brood,  and.  if  carefully  followed  would  reduce 
the  insects  materially  in  the  vineyard  from  year  to  year. 

Bag(^ing  clnsters. — Inclosing  each  cluster  of  grapes  in  a  paper  bag 
soon  after  the  blossoms  have  fallen  should  protect  them  from  injury 
from  second  and  third-brood  larvae,  and  would  also  afford  protection 
from  the  rose-chafer  and  from  black-rot.  This  practice  is  especially 
useful  in  the  small  home  vineyard. 

Gathering  fallen  leaves. — The  fact  that  the  insect  passes  the  winter 
in  fallen  leaves  has  led  to  the  recommendation  that  these  be  raked  up 
and  burned.  From  Mr.  Johnson's  obsei*vations  it  would  appear 
important  to  collect  these  early  in  the  fall,  as  the  pupae  are  to  be 
found  mostly  on  the  10  or  15  per  cent  of  leaves  which  fall  first,  and 
great  care  must  be  taken  to  collect  those  leaves  more  or  less  imbedded 
in  the  soil.  After  remaining  on  the  ground  for  a  while,  probably 
many  of  the  cocoons  break  off  from  the  leaves  and  would  thus  not  be 
collected  with  the  leaves.  It  is  probable  also  that  many  of  the 
insects  could  be  destroyed  by  covering  the  leaves  with  soil  early  in  the 
fall. 

«  Bui.  19,  Office  State  Ent.  of  N.  Y.,  p.  31  (1903). 

b  Since  this  article  was  written,  definite  experiments  in  spray ing  for  the  grape  berry 
moth  have  been  reported  by  Profs.  U.  A.  Gossard  and  J.  S.  Houser  in  Circular  63 
of  the  Ohio  Agricultural  Experiment  Station.  These  gentlemen  have  shown  that  the 
insect  may  be  largely  controlled  by  three  applications  ()f  an  arsenical,  with  the  addi- 
tion of  some  form  of  soap  to  make  the  spray  more  adhesive,  the  time  of  making  appli- 
cations being  practically  as  recommended  above. 
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GBAPE  CTTBCTJUO. 

The  ^ape  curculio  (Craponius  insequdlis  Say)  is  one  of  the  "snout 
beetles  belonging  in  the  same  family  (Curculionidse)  as  the  so- 
caUed  plum  curciilio.  The  parent  beetle  deposits  her  eggs  in  little 
cavities  which  she  eats  into  the  ^apes,  and  the  resulting  Iarv«B  feed 
upon  the  pulp  and  seeds,  producing  an  iniury  quite  similar  to  that 
d(uie  by  the  grape  berry  moth.  The  beetles  cut  small,  rather  char- 
acteristic holes  in  the  grape  leaves  when  feeding,  and  the  berries  often 
show  a  purpUsh  coloration  at  the  point  punctured  in  egg-laying,  as 
shown  in  figure  3.     If  infested  berries  be  examined  it  wm  be  readily 

possible  to  distin- 
guish between  the 
grape  curculio  and 
the  grape  berry 
moth,  since  the  grul>s 
of  the  former  are 
whitish  and  quite 
destitute  of  legs, 
whereas  the  larvae  of 
the  berry  moth  have 
well-developed  legs, 
are  greenish  in  color, 
quite  agile,  and  likely 
to  escape  quickly 
upon  being  dis- 
turbed. See  figure 
4,  showing,  at  a,  an 
injured  berry;  c,  the 
egg-cavity  and  egg 
beneath  skin  of 
grape;  and  dy  an  in- 
fested berry  cut  open . 

Distribution  and  De- 
stnictiveneB3. 

The  grape  curculio 
is  a  native  species, 
feeding  originally  on 
the  wud  grape,  as  it 

of  grape  curculio  beetles.     doeS    at    the    prCSeut 
!.    Somewhat  reduced.         time.       It    haS     bcCU 

recorded  from  Ar- 
kansas, Missouri,  Tennessee,  Kentucky,  Illinois,  Minnesota,  Ohio, 
New  Jersey,  West  Virginia,  and  North  CaroUna,  and,  according  to 
Lintner,  it  probably  occurs  in  New  York  State.  The  Bureau  of 
Entomology  has  records  of  its  occurrence  in  Pennsylvania,  District  of 
Columbia,  West  Virginia,  North  Carolina,  and  Nebraska.  According 
to  Le  Conte  and  Horn,  its  distribution  is  '*  Middle,  Southern,  and  West- 
ern States.'^  The  insect  was  described  in  1830  by  Thomas  Say,  but 
it  first  attracted  attention  as  a  grape  pest  in  1853  in  the  vicinity  of 
Cincinnati,  Ohio.     An  account  of  the  species  was  given  in  1867  by 
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Fig.  3.— Grape  leaf,  showing  feeding  marks 
and  buncn  of  grapes  infested  with  larvae. 
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B.  D.  Walsh,  and  comments  were  given  on  its  injuries  in  Illinois,  Ohio, 
and  Kentucky.  Injury  by  this  species  is  more  or  less  local  and  inter- 
mittent. Serious  injury  was  reported  bv  G.  R.  Wood  in  1890  in  the 
vicinity  of  Sandusky,  and  in  1891  Professor  Webster  found  it  very 
destructive  in  vineyards  in  Franklin  County,  Ark.  For  the  past 
eight  or  ten  years  the  OTape  curcuKo  has  been  very  destructive  in 
many  localities  in  West  Virania,  destroying  in  many  vineyards  a  large 
percentage  of  the  crop.  The  species  has  been  carefully  studied  by 
Mr.  Fred  E.  Brooks,  of  the  West  Virginia  Agricultural  Experiment 
Station,  and  reported  on  in  detail  in  Bulletin  100  of  that  institution. 
As  shown  by  the  experience  in  West  Virginia  and  elsewhere,  the 
species,  imder  certain  conditions,  may  become  a  very  serious  pest, 
ranking  with  the  root-worm  or  berry  moth.  Mr.  Brooks  has  shown 
that  the  insect  is  readily  con- 
trolled with  arsenical  poisons 
and,  as  will  be  detailea  later, 
(p.  47)  treatments  for  the  root- 
worm  and  berry  moth  will  also 
keep  this  pest  under  control. 

Life  History  and  Habits. 

The  insect  passes  the  winter 
in  the  adult  or  beetle  stage, 
hiding  under  trash  in  and 
near  vineyards,  especially  bor- 
dering woods.  About  the 
time  in  the  spring  that  the 
grape  is  in  bloom  the  beetles 
come  from  their  hibernation 

auarters  and  for  the  first  few 
ays  or  a  week  are  quite  slug- 
gish, but  gradually  become 
more  active,  feeding  on  the 
foliage  of  the  grape  until  the 
berries  are  about  one-fourth 

frown  or  of  sufficient  size  to 
e  suitable  for  receiving  the 
eggs — according  to  Mr. 
Brooks,  in  1905,  covering  a  period  of  about  25  days.  This  habit 
of  feeding  on  the  exposed  portions  of  the  vines  some  3  to  4  weeks 
before  egg-laying  permits  of  their  ready  destruction  by  arsenical 
poisons.  Late  in  June,  in  the  latitude  of  West  Virginia,  the  females 
oegin  depositing  eggs  in  the  berries,  excavating  a  cavity  in  which  a 
single  egg  is  placed.  About  4  to  6  days,  varying  with  the  tempera- 
ture, are  required  for  the  eggs  to  hatch,  and  the  resulting  larva  bur- 
rows through  the  pulp,  reacmng  the  seed  in  3  or  4  days,  which  is  pene- 
trated and  the  contents  devoured.  In  12  to  15  days  the  larva  has 
become  full  grown  and  leaves  the  berry  by  eating  a  hole  to  the  outside, 
falls  to  the  ground  and  at  once  seeks  a  suitable  place  for  pupation,  as 
under  stones,  lumps  of  earth,  or  just  below  the  surface  of  the  soil. 
Here  an  earthen  cell  is  made  and  the  larva  transforms  to  the  pupa,  the 
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Fio.  4.— Work  of  grape  curculio  ( Craponius  inxqualU) 


in  berry  of  grape:  a.  Berry  from  which  grub  or  larva 
irged;  b,  adult  or  weevil  ovipositmg  on  berry; 


hasemer] 


c,  enlarged  section  of  iwrtlon  of  berry,  showing  e 

"         '  ,cut  open  and  8  how- 


cavity  and  egg;  d,  injured  ben 
ing  larva  at  work,    a,  b,  d,  Eci 


Etrged;  c,  highly  mag- 
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adult  beetle  emerging  in  the  course  of  18  or  19  days,  at  first  blackish 
in  color  with  gray  hairs,  but  soon  becoming  the  normal  brown  color. 
In  figure  5  the  parent  beetle  is  shown  in  dorsal  view  at  a,  and  a  side 
view  at  c;  the  larva  or  grub  is  shown  ih  dorsal  and  ventral  views  at  d 
and  €,  and  the  pupa  at/. 

The  life  cycle  from  egg  to  adult,  as  stated  by  Brooks  for  a  large 
series  of  individuals,  requires  about  35  days.  The  new  generation 
of  beetles  feed  upon  the  foliage  until  fall,  when  they  go  into  hiber- 
nation, appearing  the  following  spring,  as  stated.  Air.  Brooks  de- 
termined tne  egg-laying  capacity  of  30  beetles,  the  minimum  number 
deposited  by  one  insect  being  63,  and  the  maximum  392,  with  an 
average  of  about  257,  the  oviposition  period  extending  from  June  22 
to  September  10,  a  period  of  81  days.  Oviposition  is  apparently 
most  active  during  the  first  one  or  two  weeks  of  July.  The  beetles 
of  the  hibernating  and  of  the  new  generation  overlap,  and  the  earlier- 


Fio.  5.— Orape  curculio  ( Craponius  ifuequalis):  a,  Adult  or  beetle,  from  above;  b,  head,  antenna,  and 
beak  of  same,  from  side;  c,  adult,  from  side;  d,  larva,  from  above;  e,  same,  from  below;  f,  puxMi, 
from  below.    All  mvuih.  enlarged. 

appearing  individuals  of  the  latter  may  oviposit,  but  the  result- 
ing larvae  will  mostly  fail  to  reach  maturity.  Practically  there  is 
but  one  generation  a  year  in  the  latitude  of  West  Virginia,  while  in 
the  South  a  second  generation  may  occur,  though  it  is  considered 
doubtful. 

Treatment. 

Poisoning. — The  beetles  feed  freely  upon  the  foliage  of  the  grape 
in  the  spring  for  several  weeks  before  egg-laying  begins  and  continue 
feeding  in  the  fall  after  egg-laying  ceases  along  with  beetles  of  the 
new  generation,  and  it  is  thus  an  easy  matter  to  bring  about  their 
destruction  by  arsenical  sprays.  The  treatments  advised  for  the 
grape  berry  moth  and  root-worm,  with  perhaps  an  additional  treat- 
ment 2  or  3  weeks  later,  will  practically  control  the  insect. 
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Bagging. — Fruit  may  also  be  well  protected  by  bagging  the  clusters 
soon  after  the  grapes  have  set.  as  already  mention^  in  connection 
with  the  grape  berry  moth. 

GBAPE  LEAF-HOPPEB. 

Throughout  the  United  States  and  Canada,  wherever  the  grape  is 
grown,  this  small  leaf -hopper  {TypMocyha  comes  Say)  will  almost 
invariably  be  found  in  greater  or  less  numbers  infesting  the  lower  sur- 
face of  the  leaf,  where  it  feeds  and  breeds,  increasing  in  numbers  as 
the  season  progresses,  until  by  late  summer  and  fall  the  vines  are 
often  literally  swarming  with  it.  Throughout  its  extended  range  the 
insect  may  be  quite  destructive  in  some  localities  nearly  every  year, 
and  is  likely  to  become  so  elsewhere  at  any  time.  The  grape  leaf- 
hopper  is  an  insidious  pest,  often  not  noticed  by  the  vineyardist  until 
late  summer  and  fall,  when  the  yellow  and  brown-blotched  leaves, 
falling  prematurely,  attract  attention,  by  which  time  the  injury  has 
been  done.  The  insects  in  feeding  extract  large  quantities  of  fiauid 
food,  sucking  it  out  from  the  interior  of  the  leaf  by  means  of  tneir 
tube-like  mouth-parts.  When  they  are  abimdant  this  constitutes  a 
heavy  drain  on  tne  vitality  of  the  plant.  The  injury  to  and  loss  of 
leaves  prevents  the  proper  assimilation  of  food  by  the  vines;  the 
fruit  may  be  materially  reduced  in  quantity  and  will  lack  much  in 
flavor  and  sugar  content.  Although  the  yearly  loss  to  grape  growers 
from  the  attack  of  this  species  is  sufficient  to  place  it  among  the  first- 
class  pests  of  the  vine,  but  little  effort  ordinarily  is  made  to  cojitrol 
it,  perhaps  principally  because  no  very  practicable  remedy  has  until 
recently  oeen  proposed.  In  the  literature  of  the  species  there  are 
many  records  of  serious  outbreaks  of  the  pest  here  and  there  over  the 
country,  and  recently  the  insect  has  attracted  more  than  usual  atten- 
tion on  account  of  serious  injury  in  the  Chautauqua  and  Erie  grape 
belts,  where  it  has  been  carefully  studied  by  Professor  Slingerlana.** 

Description  and  Life  History. 

The  adult  grape  leaf -hopper  is  quite  small,  measuring  not  more 
than  one-eighth  of  an  inch  m  length.  It  is  very  agile,  moving  with 
almost  equa^  facility  in  all  directions,  and  flies  out  from  the  vines 
often  in  swarms  upon  slight  disturbance.  The  general  appearance  of 
the  insect  is  shown  in  figure  6,  the  back  of  the  insect  bemg  marked 
with  yellow  or  red,  the  exact  pattern  and  color  varying  much  among 
difi'erent  individuals  and  according  to  season.  There  are  numerous 
varieties  of  the  insect  based  on  these  variations,  several  varieties  often 
occurring  together  on  the  same  vine,  though  more  usually  insects 
showing  one  type  of  color  pattern  will  be  found  to  predominate.  The 
insect  passes  the  winter  in  the  adult  condition  in  hibernation  in  trash 
in  and  near  vineyards,  in  the  edges  of  neighboring  woods,  in  grass 
along  gullies,  in  ditches,  etc.  Early  in  the  spring  the  insects  come  fpom 
winter  quarters  and  attack  almost  any  succulent  vegetation  at  hand. 
By  the  time  the  foliage  of  the  grape  appears  they  are  out  in  large  num- 
bers and  begin  to  infest  the  vineyards.     These  adult  hoppers  of  the 

oBul.  215,  Ck>mell  Agrl.  Exp.  Station  (1904). 
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lilbernating  generation  feed  and  breed  on  the  lower  of  earlief-app^ 
ing  leaves,  gradually  disappearing  as  the  season  progresses,  but  : 
before  some  of  their  progeny  have  reached  the  aduit  condition.  So 
weeks  are  spent  by  the  adults  in  the  spring  in  feeding  before  e 
laying  begms.  Eggs  are  placed  just  beneath  the  epidermis  in 
lower  leaf  surface,  usually  singly  but  also  in  groups  of  rrom  6  to  9, 
egg  stage,  according  to  Professor  Slingerland,  lasting  from  9  to 
days*  Egg-laying  probably  continues  for  two  months  or  mc 
When  just  hatched  the  young  hopper  is  very  small,  whitish  in  co 
with  red  eyes,  later  becoming  striped  with  yellow.  In  the  cou 
of  their  growth  these  nymphs  molt  four  times,  the  white  skins  be 
very  numerous  on  the  lower  surfaces  of  badly  infested  leaves, 
shown  in'  figure  6,  at  g.  The  nymphs  feed  m  the  same  man 
as  the  parents,  sucking  juices  from  tne  leaves,  at  first  on-  the  lo^ 
surface  of  the  older  leaves  where  they  were  bom,  but  later  spre 
ing  more  or  less  generally  over  the  plant.     They  are  very  ag 


Fig.  6.— Grape  leaf-hopper  (  Typhlocyba  comes) :  a,  Adult  female;  6,  adult  male;  c,  another  for 
the  species,  showing  variation  in  markings;  d,  newly-hatched  nymph;  e,  last  stafi;e  nymp 
appearance  of  injured  leaf;  y,  cast  pupa  skins,  a-e,  Much  enlarged;  g,  less  cnlar^a;  /,  reai 
(From  Marlatt.) 


running  in  all  directions,  but  do  not.  leap  or  hop.     In  New  York  St 
"Pr^^essor  Slingerland  found  that    rom  30  to  35  days  were  requi 
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Beznedial  Measures. 

The  grape  leaf-hopper  has  proved  to  be  a  difficult  pest  to  combat 
successniUy.  Various  practices  have  been  proposed,  such  as  the  use  of 
trap  lanterns  to  bum  at  ni^ht,  the  raking  and  burning  during  winter  of 
fallen  leaves  and  trash  in  vineyards,  the  use  of  sticky  shields  or  fans  to 
catch  the  adults  as  they  fly  from  the  vine  on  being  disturbed,  and  in 
California  the  use  of  insect  nets  for  the  same  purpose. 

Extensive  field  experiments  were  made  by  Professor  Slingerland  and 
his  assistants  in  1902  in  Chautauqua  vineyards  against  this  pest,  and 
fully  recorded  in  Bulletin  215  already  cited.  He  foimd  tnat  large 
numbers  of  the  hibernated  adults  could  be  caught  on  sticky  shields 
carried  along  each  side  of  the  row,  the  insects  bemg  frightened  out  by 
disturbing  tne  vines.  This  work  is  done  early  in  the  season,  before 
oviposition  takes  place  to  anv  extent.  A  light  wooden  frame  is  made, 
7  or  8  feet  long  by  4  feet  nigh.  To  the  crosspiece  at  the  bottom, 
which  should  be  up  from  the  groimd  about  a  foot,  are  fastened  several 
stiff  wires  of  the  shape  of  a  hayrake  tooth.  These  are  fastened  so  that 
the  points   curve  inward   and   downward  to  the  ground  at  base  of 

f)lants  when  the  shield  is  held  in  place  beside  the  vines.  The  whole 
ramework,  including  the  wires,  is  covered  with  oilcloth  which  is 
coated  with  a  sticky  substance,  made  by  using  melted  resin,  1  quart, 
and  castor  oil,  1  pint. 

Early  in  the  season  the  insects  will  be  found  mostly  on  the  lower 
leaves  and  the  frame  need  not  be  high.  As  the  higher  leaves  are 
invaded  the  height  of  the  frame  must  be  increased.  In  controlling  the 
insects  in  this  way  it  is  very  important  to  catch  the  over-wintering 
adults  before  egg  laying  has  begun,  thus  greatly  reducing  the  number 
of  progeny  to  appear  later,  and  the  operation  of  catchi^  the  insects 
must  be  repeated  at  frequent  intervals. 

Extensive  tests  with  sprays  were  also  made,  and  it  was  foimd  prac- 
ticable to  destroy  the  yoimg  wingless  hoppers  or  nymphs  with  a  wnale- 
oil  soap  solution,  the  soap  being  used  at  tne  rate  of  1  poimd  to  10  gallons 
of  water.  The  spraying  must  be  done  very  thoroughly^,  covering  the 
imder  surface  of  the  leaves,  as  only  those  nymphs  are  killed  which  are 
actually  hit  with  the  spr^y.  This  work  should  be  begun  when  it  is 
observed  that  the  young  are  becoming  common.  In  the  Chautauqua 
and  Erie  grape  belts  this  will  be  early  in  July.  There  will  be  less 
foliage  to  treat  at  this  time  than  if  the  work  be  deferred  until  some- 
what later.  Repeated  applications  may  be  necessary,  especially  if 
the  work  is  not  thoroughly  done.  It  has  been  noted  by  Mr.  Fred 
Johnson,  of  this  Bureau,  that  whale-oil  soap  leaves  a  stain  on  the 
fruit  at  picking  time,  greatly  lessening  its  market  value  for  dessert 
purposes.  It  is  likely  that  an  8  to  10  per  cent  kerosene  emulsion 
could  be  used,  which  would  obviate  this  difficulty,  and  would  prove 
equally  effective  in  killing  the  young  hoppers. 

Thorough  cleaning  up  of  fallen  leaves  and  trash  in  vineyards  during 
the  winter  will  unooubtedly  destroy  many  hibernating  adults,  and 
if  this  work  be  extended  to  adjacent  areas  where  the  insects  are 
likely  to  find  shelter,  the  reduction  in  their  numbers  will  be  materi- 
ally greater.  Where  practicable  the  burning  over  of  adjacent  mead- 
ows, wood  lots,  and  spaces  along  fences  is  very  advisable.  It  has 
been  observed  that  in  vineyards  in  which  clean  culture  is  prac- 
ticed, all  grass  and  weeds  being  kept  down  throughout  the  season, 
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the  ''hoppers"  are  notably  less  abundant  than  where  this  practice  is 
not  followed.  The  absence  of  suitable  hibernation  quarters  in  the 
vineyard  causes  them,  largely,  to  migrate  elsewhere,  and  vineyards 
receiving  such  care  are  much  less  seriously  infested  the  following 
spring  and  summer. 

The  grape  leaf-hopper  secures  its  food  by  sucking  juices  from  the 
interior  of  the  leaf,  and  arsenical  poisons  useful  against  the  grape  root- 
worm  and  the  grape  berry  moth  are  quite  useless  against  this  pest. 

GBAPE  LEAF-FOUDEB. 

Observing  grape  growers  have  often  noticed,  especially  during 
midsxmmier  and  later,  grape  leaves  folded  together,  the  interior 
(upper)  surface  of  the  leaf  being  more  or  less  skeletonized,  and  within 
the  fold  a  slender  larva,  which,  upon  being  disturbed,  is  apt  to  wriggle 
out  and  fall  or  hang  suspended  by  a  thread.  This  insect,  the  grape 
leaf-folder  (Desmia  juneralis  Hubner;  see  fig.  7),  is  widely  distributed 

and  a  few  are  to  be  found  in 
vineyards  almost  every  year, 
while  here  and  there  through- 
out their  range  they  may  be  so 
abundant  as  to  do  serious  in- 
jiUT.  There  are  two  broods 
each  year  in  the  more  northern 
States  and  three  or  possibly 
more  in  the  South.  The  insect 
winters  in  the  pupal  stage  in 
the  folded  and  fallen  leaves, 
the  moths  appearing  in  the 
spring  shortly  after  the  foliage 
puts  out,  and  the  eggs  are 
placed  in  small  patches  here 
and  there  on  the  vine.  Upon 
hatching,  the  young  larv«B  at- 
tack the  foliage,  folding  the 
leaves  as  stated.  Mr.  Johnson 
has  observed  that  larvae  of  the 
first  brood  may  attack  bimches  of  grape  blossoms  and  youn^  fruit  in 
a  way  similar  to  the  grape  berry  moth.  In  3  or  4  weeks  the  larvae 
are  full  grown  and  transform  to  pupae  within  the  folded  leaves,  moths 
emerging  some  8  or  10  days  later.  By  midsummer  and  rail  the 
insects  may  become  quite  abimdant,  and  in  badly  infested  vineyards 
the  folded  leaves  are  everywhere  in  evidence  and.  are  quite  conspicu- 
ous from  the  color  of  the  lower  surface.  In  the  fall  the  larvae  pupate 
in  the  folded  leaves  and  pass  the  winter  in  these  on  the  groimd. 

Treatment. 


Fio.  7.— Grape  leaf-folder  {Desmia  funeralis) :  a,  Male 
_    ..      ^^       ,         .  i^n^gnna  of   same;   6,  female 


moth  and  enla: 
moth;  c,  larva; 
same,  enlarged;  e 
g,  grape leaif olded 


head  and  thoracic  segments  of 
pupa;  /,  tip  of  pupa,  enlarged; 
Dv  larva.    (From  Maria tt.) 


Where  the  insects  are  but  moderately  abundant  it  will  be  quite 

Practicable  to  search  out  the  folded  leaves  and  crush  between  the 
ands  the  larvae  or  pupae  within.  The  destruction  of  the  first  brood 
in  this  way  would  greatly  reduce  the  number  of  the  insects  later  in  the 
season. 
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"Vines  sprayed  with  arsenicab  for  the  root-worm  and  the  berry 
moth  will  be  well  protected  from  the  leaf-folder,  for  in  this  way  the 
majority  of  the  leaves  will  be  suflBciently  poisoned  to  insure  the  destruc- 
tion of  the  larvae  and  prevent  the  folding  of  the  leaves.  After  a  leaf 
has  been  folded  the  larva  is  practically  safe  from  poisoning.  As  the 
winter  is  spent  in  the  pupal  stage  in  the  leaves  on  the  ground,  many  of 
the  insects  may  be  destroyed  by  collecting  and  burning  the  fallen 
leaves,  as  recommended  in  the  case  of  th6  grape  berry  moth  and  the 
leaf-hopper. 

GBAPEVINE  FLEA-BEETLE. 

Early  in  spring,  as  the  buds  of  the  grape  begin  to  swell  and  burst, 
these  ma V  be  scooped  out  or  entirely  consumed  by  a  small  blue  or 
greenish  beetle  {HaMica  chalybea  lUiger),  measuring  about  one-fifth 
of  an  inch  in  length,  of  robust  shape,  with  thick  thighs,  and  jumpLug 


Fio.  8.— Grapevine  flea-beetle  {Haltica  chalybea) :  a.  Adult  or  beetle,  with  more  enlarged  leg  at  right; 
6,  lan^a;  c,  larvse  and  beetles  on  foliage;  d,  inlury  to  buds;  e,  beetles  killed  by  fungus,  a,  b,  Much 
enlarged;  c,  d,  e,  about  natural  size.    (From  Marlatt.) 

readily  from  the  vines  upon  being  disturbed  (see  fig.  8).  When  the 
beetles  are  abundant  all  of  the  buds  on  the  vines  may  be  quite  de- 
stroyed, greatly  retarding  leafing  out  or  even  causing  the  death  of  the 
plant.  Later  the  young  foliage  is  eaten  by  the  beetles,  the  females 
depositing  their  eggs  more  or  less  on  the  leaves,  but  largely,  according 
to  Slingerland,  <*  in  cracks  in  the  bark  at  base  of  buds,  between  bud 
scales,  or  even  in  the  holes  which  have  been  eaten  into  the  buds.  The 
resulting  larvae  feed  on  the  leaves  of  the  grape,  mostly  on  the  upper 
surface,  and  are  thus  readily  destroyed  with  sprays.  In  3  or  4  weeks 
the  grubs  have  attained  full  growth;  then,  dropping  to  the  ground, 
they  make  an  earthen  cell  an  inch  or  so  below  the  surface,  and  trans- 
form to  pupae,  from  which  the  adult  beetles  will  emerge  in  the  course 
of  1  or  2  weeks.  The  new  brood  of  beetles  feeds  upon  the  grape  and 
other  plants,  going  into  hibernation  in  the  fall  and  appearing  the  next 
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spring  to  attack  the  buds  of  the  grape,  as  stated.  In  the  Northern 
States  Slingerland's  studies  have  shown  but  one  generation  of  the 
insect  each  year.  In  the  South  two  or  more  generations  annually  are 
supposed  to  occur,  but  definite  evidence  on  this  point  is  wanting. 

The  flea-beetle  is  native  to  North  America,  and  occurs  very  generally 
throughout  the  eastern  half  of  the  United  States,  its  western  limits 
being  Minnesota,  eastern  Nebraska,  Kansas,  and  Texas.  Its  natural 
food  is  undoubtedly  the  wild  grape,  though  numerous  other  plants  are 
fed  upon,  as  plum,  apple,  pear,  quince,  blue  or  water  beech  (Carpinus), 
elm,  etc. 

Treatment. 

In  vineyards  which  are  regularly  sprayed  with  arsenicals  and  Bor- 
deaux mixture  the  flea-beetle  will  be  effectivelv  kept  in  check.  The 
first  application  for  the  berry  moth  before  the  blossoms  open,  together 
with  the  application  made  after  the  blossoms  fall,  will  destroy  the 
larvae,  since  these  feed  almost  exclusively  on  the  upper  surface  of  the 
leaves.  The  insects  thrive  best  in  neglected  vineyards^  and  may 
become  quite  abundant  and  destructive  locally.  Where  it  is  desired 
to  treat  for  this  insect  only,  the  vines  should  be  thoroughly  sprayed 
with  an  arsenical  just  as  the  buds  are  beginning  to  swell,  or  some- 
what earlier.  A  close  lookout  must  be  kept  for  tne  first  signs  of  the 
beetles,  and  the  poison  must  be  applied  immediately.  The  delay  of  a 
day  or  so  may  mean  the  loss  of  the  buds,  and  hence  of  the  fruit  crop. 
In  the  small  home  vineyard  it  will  be  practicable  to  search  out  the 
beetles  and  remove  them  by  hand,  domg  the  work  in  the  morning 
when  they  are  less  agile.  As  stated,  the  destruction  of  the  larvae 
when  feeding  on  the  foliage  later  will  be  very  easily  accomplished  by 
spraying  with  arsenicals. 

It  will  also  be  quite  practicable,  as  stated  by  Doctor  Howard,  to  jar 
the  beetles  from  the  vines  on  canvas  frames  placed  beneath,  which 
should  be  kept  saturated  with  kerosene. 

BOSE-CHAFEB. 

About  the  time  of  blooming  of  the  grape  in  the  spring  the  rose- 
chafer  (Macrodactylus  subspinosus  Fabricius)  may  suddenly  put  in 
m  appearance,  often  in  enormous  numbers,  the  long,  spiny-legged, 
iwkward,  brownish  beetles  literally  covering  the  plants,  feeding  at 
1^"*  V  ^/^n  tV|e  blossoms,  but  later  a**^*»^^ing  the  young  fruit  and  foliage, 
,,   -      -^inor  eaten  bar'    ^v^er      '-    **  r'^r  veins  (seefig.  9).     This 
•general  Lv.v.^1         -     -  -        '>«MV'»iiy  ^11  fruits — e.  g., 
jy.  -  •        lAf-^oo   peac^^^  -<     -     ^  'ous  vegetables, 

f   >   .  ...   -  anyo.. -.^li.      >       it^^i^c    -         '« Spiraea,  Deut- 

.i^U-or     ,nr     .,     ,.   ^r^i^i  r,.    ast-meutioued 

"  ■  v.^ afer''  or  **rose- 

x..y  complained  of  from 

abundant,  the  beetles 

•Acfr-iT  'ng  the  blossom 

u.  ly  devoured  are 

i.o  misshapen  and  crack 

L  ^/  3  or  4  weeks  of  f  eedin^f 

,^-  V  «ic   Vi<»i   ^ame. 
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The  rose-chafer  is  rather  widely  distributed,  occurring  from  Canada 
south  to  Virginia  and  Tennessee  and  west  to  Colorado.  It  is  recorded 
also  from  Oklahoma  and  Texas,  though  west  of  the  Mississippi  it  is 
apparentlj  not  very  injurious.  In  tne  New  England  and  Central 
States  it  is  more  abundant,  and  is  most  troublesome  perhaps  in  New 
York,  Pennsylvania,  New  Jersey,  Delaware,  Maryland,  Virginia,  and 
Ohio,  large  outbreaks  in  ruinous  numbers  occurring  more  or  less 
locally  where  the  soil  is  light  and  sandy. 


Fig.  9.— Rose-chafer  { Macrodactylus  st^svinosus) :  a,  Adult  or  beetle;  b,  larva;  c,  d,  mouth  parts  of 
same;  e,  pupa;  /,  injury  to  leaves  and  blossoms  of  grape,  with  beetles  at  work,  a,  b,  e,  Much 
enlarged;  c,  d,  more  enlarged;  /,  somewhat  reduced.    (From  Marlatt.) 

Breeding  Orounds. 

The  insect  lives  in  the  larval  stage  underground,  feeding  on  the 
roots  of  various  plants,  especially  on  the  roots  of  trasses.  Doctor 
J.  B.  Smith  found  larvae  in  abundance  in  a  vineyara  in  New  Jersey 
and  in  a  blackberry  patch,  feeding  apparently  on  the  roots  of  grasses 
and  weeds  which  grew  sparsely  between  the  rows,  and  larvae  were  still 
more  numerous  under  the  sod  bordering  the  vineyard.  In  an  adjacent 
meadow,  where  the  soil  was  heavier  and  less  sandy,  no  larvae  could  be 
found.  In  general,  the  insects  breed  principally  in  light  sandy  soils, 
especially  in  meadow  lands,  but  also  in  otner  places  where  there  is 
more  or  less  of  growth  of  grass  and  weeds,  ana,  to  a  less  extent,  in 
cultivated  ground.  Wet,  clayey,  or  compact  soils  do  not  furnish 
desired  conditions  for  the  insects,  and  from  the  fact  that  they  are 
largely  confined  to  the  lighter  soils  it  becomes  practicable  to  reduce 
them  greatly  by  planting  these  to  annual  crops  wnich  receive  thorough 
cultivation. 
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Life  History, 

The  beetles  deposit  their  egg;s  singly,  burrowing  beneath  the  sc 
laying,  according  to  Doctor  Smith,*  from  12  to  20  eggs.  The  resu 
ing  larvsB  feed  upon  the  roots  of  various  grasses  ana  possibly  wee 
and  other  vegetation.  They  are  mostly  full  grown  by  fall,  a 
burrow  below  the  frost  line,  where  the  winter  is  spent.  With  t 
coming  of  spring  the  grubs  ascend  toward  the  surface  and  enter  t 
pupa  stage,  from  which  in  from  10  to  30  days,  varying  with  t 
temperature,  the  beetles  develop  and  attack  the  grape  and  otl 
plants,  as  stated.  There  is  thus  but  one  generation  each  year,  t 
principal  injury  of  the  insect  being  done  during  the  3  or  4  weeks 
its  life  as  a  beetle. 

Treatznent. 

The  rose-chafer  is  an  exceedingly  diflBcult  insect  to  combat  si 
cessfuUv.  When  the  insect  occurs  only  in  moderate  numbers,  arse 
cals  will  be  reasonably  satisfactory';  but  when  it  occurs  in  swarr 
the  plants  are  reinfested  as  fast  as  the  insects  are  killed.  It  is  p« 
sible,  however,  that  a  heavy  application  of  arsenate  of  lead,  say  5  t< 
pounds  to  50  gallons  of  water  or  Bordeaux  mixture,  will  largely  p: 
tect  the  vines,  and  this  plan  should  be  tested  by  vineyardists  c< 
fronted  with  this  pest.  Very  thorough  applications  should  be  ms 
upon  first  signs  of  the  insects  and  repeated  as  necessary.  Ma 
different  substances  have  been  applied  to  vines  to  render  them  obn< 
ious  to  the  beetles,  but  none  of  tnese  has  proved  to  have  anj  spec 
value.  Perhaps  the  method  most  generally  relied  upon  is  pickmg 
jarring  the  beetles  from  the  vines.  In  the  latter  work  an  umbrel 
shaped  frame  with  a  canvas  or  oil  cloth  covering,  with  a  can  of  ke 
sene  at  the  bottom,  is  frequently  used,  being  held  under  the  vin 
which  at  the  moment  are  sufficiently  shaken  to  cause  the  beetles 
fall.  Jarring  or  hand-picking  must  be  done  every  morning, 
better,  twice  a  day,  during  periods  of  severe  infestation. 

The  numbers  of  this  insect  may  be  considerably  lessened  by 
stricting  its  breeding  grounds.  In  vineyards  on  sandy  or  light  s 
especial  care  should  be  taken  to  keep  the  rowis  and  surroundings  f 
from  weeds  and  grass,  upon  the  roots  of  which  the  larvae  feed.  San 
meadow  lands  in  the  vicinity  of  vinejards  should  be  broken  up  a 
cultivated  to  annual  crops,  and  in  this  work  the  cooperation  of  vi 
yardists  throughout  a  neighborhood  is  especially  important. 

Bagging  grapes  as  soon  as  the  fruit  has  set  is  often  practiced,  a 
affords  protection  not  only  against  further  injury  from  the  ro 
chafer,  but  also  from  the  grape  berry  moth,  the  grape  curculio,  a 
fungous  diseases  of  the  fruit. 

INSECTICIDES.^ 
ARSENICALS. 

Arsenicals,  applied  in  the  form  of  a  spray,  are  effective  agar 
the  grape  root-worm,  the  grape  berry  motn,  the  grape  curcu 
the  grape  leaf-folder,   and  other  insects  which  devour   the  folii 

a  Bui.  82,  N.  J.  Agrl.  Exp.  Station  (1891). 

&For  a  more  extended  account  of  insecticides,  see  Farmers*  Bulletin  127,  U 
Dept.  of  Agriculture,  by  C.  L.  Marlatt. 
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and  fruit.  The  arsenical  is  best  used  as  an  ingredient  added  to  the 
Bordeaux  mixture,  which  is  the  standard  remedy  for  the  control  of 
fungous  diseases.  When  an  arsenical  is  used  simply  in  water  the 
vineyardist  should  always  add,  to  each  50  gallons  of  the  liquid,  the 
milk  of  lime  made  from  slaking  2  to  3  pounds  of  good  stone  lime. 

Paris  green. — ^This  is  used  at  the  rate  of  1  pound  to  each  100  or 
150  gallons  of  Uquid,  whether  water  and  milk  of  lime  or  the  Bordeaux 
mixture.  Paris  green  should  be  worked  into  a  paste  with  water  be- 
fore being  added  to  the  liquid  in  the  spray  tank,  to  prevent  its  ad- 
hering in  small  lumps.  When  used  with  Bordeaux  mixture,  the  latter 
will  probably  serve  to  hold  it  well  on  the  vines,  giving  results  perhaps 
equal  to  those  produced  by  arsenate  of  lead. 

Scheele's  green. — ^This  arsenical  is  similar  to  Paris  green,  being  the 
simple  arsenite  of  copper  containing  no  acetic  acid,  and  hence  consid- 
erably cheaper.  It  is  a  much  finer  powder  than  Paris  green  and  re- 
mains in  suspension  longer.  It  is  used  in  the  same  way  and  at  the 
same  strengtn  recommended  for  the  former  poison. 

Arsenate  of  lead. — There  are  now  numerous  brands  of  arsenate  of 
lead  on  the  market,  and  vineyardists  should  be  careful  to  buy  an  effi- 
cient and  safef  kind.  Some  preparations  sold  as  arsenate  of  lead  con- 
tain an  amount  of  free  arsenic  dangerous  to  foliage,  and  an  unneces- 
sary amount  of  water  may  also  be  present,  thus  lowering  the  quantity 
of  poison  when  used  at  a  given  strength.  A  proper  arsenate  of  lead 
should  contain  no  free  arsenic  and  should  have  as  much  as  50  per  cent 
actual  arsenate  of.  lead.  Arsenate  of  lead  is  used  at  the  rate  of  3  to  6 
pounds  to  each  50  gallons  of  liquid,  and,  as  it  comes  in  the  form  of  a 
putty-like  paste,  must  be  worked  free  in  a  little  water  in  a  bucket  or 
other  suitable  vessel  before  it  is  added  to  the  spray  tank.  It  may  be 
used  much  stronger  than  any  other  arsenical  and  it  adheres  well  to 
the  foliage.     For  these  reasons  it  is  preferred  by  many  vineyardists. 

Arsenite  of  lime. — This  is  much  the  cheapest  of  the  arsenical  poi- 
sons. On  apple  it  is  stated  to  be  very  satisfactory,  and  it  should  be 
equally  so  on  grape.  It  seems  not  yet  to  have  been  used  to  any  ex- 
tent on  grape,  and  should  be  tried  first  in  a  small  way.  It  may  be 
prepared  at  home  according  to  the  following  formula : 

White  arsenic pounds. .  1 

Sal  soda  crystals do 4 

Water gallon. .  1 

■  All  of  the  ingredients  are  boiled  together  for  a  few  minutes  or  until 
dissolved,  and  any  water  lost  by  evaporation  should  be  restored. 
This  constitutes  a  stock  solution,  1  pint  being  used  with  each  40  or  50 
gallons  of  Bordeaux  mixture.  When  it  is  used  in  water  the  vineyard- 
ist must  add  the  milk  of  lime  made  from  slaking  2  to  3  pounds  of  good 
stone  lime,  which  is  necessary  to  produce  the  arsenite  of  lime. 

CONTACT  REMEDIES. 

For  insects  which  secure  their  food  by  sucking  the  juices  from  the 
plant,  such  as  the  grape  leaf-hopper  and  aphides,  contact  insecti- 
cides must  be  used.  Two  such  insecticides  are  whale-oil  soap  solution 
and  kerosene  emulsion.  These  preparations  are  not  ordinarily  used 
in  Bordeaux  mixtiure.  They  are  sprayed  on  the  vines  in  the  usual 
way. 
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Whale-oil  soap. — For  vines  in  foliage,  whale-oil  soap  is  used  at  the 
rate  of  1  pound  to  8  or  10  gallons  of  water.  There  are  several  grades 
of  this  article  on  the  market,  but  a  potash  whale-oil  soap  is  best, 
especially  one  that  does  not  contain  more  than  30  per  cent  of  water. 

Kerosene  emtdsion. — This  doubtless  will  be  equally  satisfactory  as  a 
spray  against  the  grape  leaf-hopper,  and  may  be  prepared  as  follows: 

Whale-oil  or  other  soap pounds. .     2J 

Kerosene (150 flash  test) gallons. .     5- 

Water  to  make do 50 

The  soap  is  dissolved  in  6  to  8  gallons  of  hot  water,  and  the  kerosene 
is  at  once  added.  The  whole  is  then  thoroughly  emulsified  by  the 
use  of  a  hand  pump,  pumping  the  liquid  back  upon  itself  for  8  or  10 
minutes  or  imtil  a  creamy-white  emulsion  results.  This,  when  diluted 
with  the  required  amount  of  water,  will  contain  10  per  cent  of  kero- 
sene, which  strength  should  be  effective  in  destroying  young  hoppers 
without  injuring  the  foliage  or  the  fruit.  If  a  smaller  quantity  of 
emulsion  than  50  gallons  is  desired,  it  may  be  made,  simply  observing 
the  proportions  given. 

FTIKQOTJS  DISEASES. 

The  fungous  parasites  of  the  American  varieties  of  grape  are  indig- 
enous, and  came  originally  from  the  native  wild  vines.  With  the 
gradual  extension  and  development  of  the  grape-growing  industry 
there  has  also  been  an  increase  in  the  distribution  and  destructiveness 
of  these  fungous  diseases.  The  conditions  which  necessarily  obtain 
in  commercial  grape  culture  have  disturbed  the  equilibrium  which 
had  become  established  between  the  vine  and  its  parasites  in  their  wild 
state,  and  have  facilitated  the  production  and  distribution  of  the  dis- 
eases. In  the  selection  and  breeding  of  the  grape  attention  has  been 
devoted  chiefly  to  the  improvement  of  the  fruit,  and  this  has  appar- 
ently resulted  in  a  decrease  of  the  natural  powers  of  resistance  to 
disease  originally  possessed  by  the  wild  vines. 

In  certain  sections  of  the  country  where  grape  growing  was  once  a 
profitable  industry  it  has  largely  been  abandoned,  chiefly  on  accoimt 
of  the  great  loss  caused  by  disease.  The  amount  of  loss  from  fungous 
diseases  of  the  grape  in  the  eastern  half  of  the  United  States  during 
the  past  season  (1906)  is  estimated  at  from  15  to  20  per  cent  of  the 
entire  crop.  In  some  localities  it  reached  40  to  50  per  cent,  and  in 
some  particular  vineyards  where  there  was  promise  of  a  crop  of  4  or  5 
tons  per  acre  the  loss  was  total,  while  in  one  favored  region  the  loss 
was  not  over  5  per  cent. 

Injury  due  to  fungi  depends  largely  upon  weather  conditions.  The 
conditions  most  favorable  for  the  development  of  the  majority  of  the 
fungous  diseases  are  excessive  moisture  and  heat.  The  general 
physiological  condition  of  the  vines  is  also  important.  Vines  which 
are  kept  thrifty  and  vigorous  by  proper  care  and  cultivation  are  not 
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likely  to  suffer  so  severely  from  most  diseases  as  those  which  are 
neglected. 

The  principal  fungous  diseases  in  the  order  of  their  importance  are 
black-rot,  downy  mildew,  powdery  mildew,  anthracnose,  and  ripe-rot. 
There  are  also  other  diseases,  which  will  be  referred  to  later,  but  they 
are  either  not  of  suflScient  importance  to  deserve  much  attention  here 
or  else  their  treatment  is  not  yet  satisfactorily  determined. 


BLACK-BOT. 


Black-rot  is  the  most  generally  distributed  and  destructive  fungous 
disease  of  the  grape  in  the  region  east  of  the  Rocky  Mountains.  It 
is  caused  by  a  parasitic  fungus  known  as  Guignardia  bidwellii  (Ell.) 
V.  &  R.  It  gams  entrance  to  the  plant  by  means  of  minute  germs 
called  spores.     These  are  borne  in  small  black  spore  cases,  and  can 


Fig.  10.— The  black-rot  fungus  {Ouignardia  bidwellii):  a,  A  portion  of  an  affected  grape,  showing  the 
pustules  in  which  the  spores  arc  produced  (slightly  magnified);  6  a  section  of  one  of  these  pustules 
very  highly  magnified,  showing  the  manner  in  which  the  summer  spores  are  produced  and  dis- 
charged; c,  a  sac  containing  wmter  spores;  d,  single  winter  spores  very  highly  magnified. 

not  be  seen  with  the  naked  eye.  Thev  are  distributed  chiefly  bv  the 
wind  and  rain.  Two  or  more  forms  of  spores  are  produced,  as  shown 
in  the  accompanying  illustration  (fig.  10,  b).  When  these  spores 
come  in  contact  with  the  young  and  tender  parts  of  the  vine,  imder 
favorable  conditions,  they  germinate  and  produce  a  slender  tube, 
which  penetrates  the  tissue  and  may  destroy  it. 

This  disease  attacks  the  leaves  and  shoots,  as  well  as  the  fruit.  It 
usually  makes  its  first  appearance  on  the  leaves  and  young  shoots, 
producing  reddish-brown  dead  spots.  The  fruit  may  be  attacked 
when  young,  but  usually  the  disease  does  not  attract  attention  until 
the  berries  are  half  grown  or  more.    Brown  or  blackish  spots  first 
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appear;  these  spread  and  soon  affect  the  whole  berry,  which  becomes 
black  and  shriveled,  as  shown  in  the  accompanying  illustration  (fig. 
11).  These  diseased  berries  remain  attached  to  the  vine,  and  their 
surfaces  become  covered  with  minute  black  pustules,  which  contain 
the  summer  spores  of  the  fungus.  During  the  winter  and  spring 
another  form,  called  the  winter,  or  resting  spore,  is  produced  upon 
these  old,  shriveled  berries  (fig.  10,  c,  d).  These  spores  help  to  carry 
the  disease  over  from  one  season  to  another.  This  fact  would  indi- 
cate the  desirability  of  destroying,  by  burning^  all  diseased  fruit,  as 
well  as  leaves  and  prunings,  as  early  m  the  sprmg  as  possible. 

Treatment. 

This  disease  can  be  effectually  con- 
trolled by  thorough  spraying  witn  Bor- 
deaux mixture.  Five  or  six  applications 
are  usually  necessary  during  the  season, 
the  first  being  made  just  before  the  buds 
open.  For  the  last  one  or  two  applica- 
tions, some  fungicide  which  does  not 
stain  the  fruit  should  be  used.  Burgundy 
mixture  is  recommended  for  this  purpose. 
Full  directions  regarding  the  preparation 
of  the  fungicides  and  the  times  of  appli- 
cation will  be  found  later. 

Covering  the  bunches  of  grapes  with 
paper  bags  soon  after  the  blossoms  fall 
is  a  means  of  preventing  black-rot  and 
most  other  fungous  parasites.  It  is  usu- 
ally regarded  as  too  laborious  and  expen- 
sive for  large  vineyards,  but  may  be 
profitably  practiced  where  only  a  small 
number  of  vines  are  grown. 

DOWNY  MILDEW. 

Downy  mildew  (Pldsmopara  mticola 
(B.  &  C.)  Berl.  &  De  Toni)  in  certam 
seasons  and  in  northern  localities  some- 
times causes  more  loss  than  black-rot 
and  is  a  close  rival  for  first  place  among 
the  fungous  enemies  of  the  grape.  It 
attacks  all  the  tender  growing  parts  of 
the  vine.  Usually  it  is  at  first  most  noticeable  on  the  foliage,  pro- 
ducing greenish  yellow,  irregular  spots  upon  the  upper  surface,  wnich 
become  reddish  brown.  At  the  same  time  there  appears  on  the  under 
surface  of  the  leaf  a  thin,  loose,  white,  downy  growth,  suggestive  of 
hoar  frost  (fig.  12).  This  growth  consists  of  the  fertile  fungous  fila- 
ments bearing  the  summer  spores  (fi^.  13,  a,  6),  which  under  favorable 
conditions  are  distributed  by  the  wind  and  water  to  the  berries  and 
other  parts,  where  they  germinate,  penetrate  the  tissues,  and  con- 
tinue their  destructive  work.  The  yoimg  shoots  are  also  frequently 
attacked  and  killed, 
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Fig.  11.- 


-A  bunch  of  grapes  destroyed 
by  black-rot. 


81 

The  .fruit,  if  attacked  when  yx)ung  or  only  partly  grown,  shows 
first  a  brownish  spot,  and  later  becomes  covered  with  the  gray,  downy 
erowth  of  the  fungus.  This  form  of  the  disease  is  sometimes  called 
"gray-rot"  by  vineyardists  (fig.  14).  When  the  berries  escape  the 
disease  until  they  are  half  grown  or  more  it  appears  as  a  brownish 
or  brownish  purple  spot  which  spreads  and  soon  involves  the  whole 
berry.  The  affected  fruit  becomes  soft  and  wrinkled  and  falls  to  the 
ground  when  disturbed.  This  stage  of  the  disease  is  sometimes 
called  ''brown-rot." 


Fig.  12.— a  grape  leaf  attacked  by  the  downy  mildew  (Plasmopara  vUicola), 
showing  the  appearance  of  the  leaf  above  and  below. 

Besides  the  summer  spores  mentioned,  there  is^  also  produced 
within  the  diseased  tissues  another  form  of  reproductive  l)oay,  some- 
times called  a  winter,  or  resting,  spore  (fig.  13,  c).  These  spores  are 
produced  in  much  smaller  numbers  than  the  summer  spores  and  are 
provided  with  a  rather  thick,  dark-^colored^  outer  covering  apparently 
mtended  for  their  protection  during  the  winter^ 
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This  disease,  like  the  black-rot  and  many  others,  develops  most 
rapidly  and  does  most  injury  during  hot,  wet  weather. 


Treatment. 


It  is  desirable  to  destroy  as  many  as  possible  of  the  diseased  leaves, 
shoots,  and  berries,  which  may  contain  the  winter  spores.  Thorough 
spraying,  as  recommended  for  the  black-rot,  will  effectually  control 
tnis  disease. 


POWDERY  MILDEW. 


The  powdery  mildew  {Uncinvla  necator  (Schw.)  Burr.)  rarely 
causes  great  loss  to  American  varieties  of  grapes.  It  is  most  severe 
on  the  European,  or  vinifera,  grapes. 
This  mildew  belongs  to  a  group  of  fungi 
quite  different  from  the  downy  mildew. 


Fig.  13.— The  fungus  causing  downy  mildew:  a,  Fertile 
filaments  of  the  downy  mildew  ningus,  showing  the 
manner  in  which  the  summer  spores  are  borne;  6,  two 
summer  spores;  c,  a  winter,  or  resting,  spore.  (All 
highly  magnified.) 


Fio.  14.— A  bunch  of  young  grapes  par- 
tially destroyed  by  "  gray-rot."  This 
is  a  form  of  the  downy  mildew  affecting 
the  very  young  fruit. 


It  differs  from  all  other  parasites  which  attack  the  grape  in  its 
superficial  habit  of  growth.  The  filaments  of  the  fungus  do  not 
invade  the  tissues  of  the  plant  to  destroy  them.  The  parasite  obtains 
its  nutriment  by  means  of  sucker-like  organs  which  penetrate  the 
cell  walls  of  the  siuf  ace  layer  of  tissue  only.^  The  fine,  white  filaments 
of  the  fungus,  which  constitute  the  vegetative  portion  of  the  parasite, 
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spread  over  the  surface  of  the  leaves,  shoots,  and  fruit,  and  send  up 
snort,  irregular  branches  upon  which  immense  numbers  of  summer 
spores  are  produced  in  short  chains  (fig.  15,  a) .  These  are  most  notice- 
able upon  the  upper  surface  of  the  leaf,  giving  it  a  fine  gray,  powdery, 
or  mealy  appearance.  Finally  the  affected  part  of  the  leaf  becomes 
light  brown,  and  if  the  disease  be  severe  the  leaves  fall.  The  fundus 
produces  a  similar  appearance  upon  the  yoimg  shoots.  Berries  which 
are  attacked  take  on  a  gray,  scurfy  appearance,  become  specked  with 
brown,  and  fail  to  develop  further.  Affected  grapes  when  nearly 
half  grown  sometimes  burst  open  on  one  side,  exposing  the  seeds. 
The"  miit  does  not  become  softened  and  shrunken  as  when  attacked 
by  the  downy  mildew. 

Besides  the  summer  spores,  winter,  or  resting;  spores  are  also  pro- 
duced in  the  latter  part  of  the  season.     These  are  borne  in  sacs  wnich 


Fio.  15.— The  fimgas  causing  powdery  mildew  iUncintUa  necator):  a,  A  fertile  filament  of  the  fungus 
bearing  a  chain  of  summer  spores;  6,  a  spore  case,  in  which  the  winter  or  resting  si>oiie8  are  pro- 
duced; c,  a  single  sac  containing  winter  spores;  d,  a  single  winter  si>ore.    (All  highly  magnified.) 

are  inclosed  in  minute  black,  globose  fruiting  bodies  furnished  with 
slender  appendages  curled  at  their  tips  (fig.  15,  h,  c,  d).  These  black 
spore  cases  are  so  small  that  they  can  scarcely  be  seen  with  the  naked 
eye,  but  by  the  aid  of  a  hand  lens  they  can  be  easily  observed.  The 
powdery  mildew  is  usually  more  prevalent  during  dry,  hot  seasons 
than  in  wet  ones.  It  differs  in  this  respect  from  most  of  the  other 
grape  diseases.  In  California  this  is  the  principal  fungous  disease 
of  the  grape. 

Treatzuent. 

Bordeaux  mixture,  as  recommended  for  the  black-rot,  will  prevent 
this  disease.  Where  this  trouble  alone  is  to  be  combated  it  may 
be  successfully  done  by  dusting  with  flowers  of  sulphur.  East  of 
the  Rocky  Moimtains,  however,  it  should  be  treated  with  Bordeaux 
mixture,  as  it  is  rarely  likely  to  occur  alone. 
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ANTHBACNOSE. 

Anthracnose  (Sphaceloma  ampelinum  De  By.)  has  also  been  called 
"bird's-eye  rot/'  on  account  or  the  peculiar  spots  it  produces  upon 
affected  grapes.  Like  most  of  the  other  diseases  of  th )  grape,  it 
attacks  the  leaves  and  shoots  as  well  as  the  fruit. 
On  the  leaves  it  at  first  appears  as  minute,  irregular, 
dark  brown,  slightly  sunken  spots,  having  «  clarker 
margin.  These  spots  usually  become  lighter  colored 
when  old,  and  frequently  crack  or  fall  out,  leaving 
irregular  holes  in  the  leaves.  This  disease  presente 
much  the  same  appearance  on  the  shoots  as  on  the 
leaves,  though  the  spots  are  frequently  larger  and 
more  sunken  (fig.  16) .  They  also  tend  to  run  together 
and  form  irregular  patches. 

The  disease  is  most  characteristic  and  conspicuous 
upon  the  fruit.  The  spots  are  usually  brown  at  first 
and  surrounded  by  a  narrow,  dark  purplish  margin; 
thej  increase  in  size  and  gradually  become  grayish 
white  and  somewhat  sunken.  Frequently  two  or 
more  spots  unite  and  cover  a  considerable  part  of 
the  berry  (fig.  17).  The  affected  tissues  do  not  be- 
come softened,  as  in  the 
case  of  the  downy  mil- 
dew, but  the  fruit  be- 
comes hard  and  more  or 
less  wrinkled.  If  only  a 
small  part  of  the  berry' 
is  affected  it  may  con- 
tinue to  grow,  causing 
the  diseased  area  to  nipture  and  the  seeds 
to  become  exposed.  The  bursting  of  the 
berries  and  the  exposure  of  the  seeds  may, 
however,  be  produced  by  other  causes, 


Fig.  16.-  Grapo  shoot, 
showing  spats  pro- 
ducrd  by  anthrac- 
nos<^  {Sphaceloma 
ampelinum). 


^j^-^^Ci 


Fio.  17.— Portion  of  a  buiich  of  grapes, 
showing  the  effect  of  anthracnose. 

such  as  the  powdery  mildew  and 
certain  physiological  disturb- 
ances. 

On  the  diseased  areas  the  min- 
ute spores  or  germs  of  the  fungus 
are  frequently  produced  in  im- 
mense numbers.  The  way  in 
which  these  spores  are  borne  is  shown  in  figure  18.  No  special 
winter  form  ot  spore  is  known  to  be  produced  by  this  fungus.  The 
fine,  thread-like  filaments  which  constitute  the  vegetative  part  of 
the  parasite  live  during  the  winter  in  the  tissues  ot  the  vines  and 
are  ready  for  active  growth  in  the  spring. 

The  anthracnose  is  quite  widely  distributed  in  this  country,  but 
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Fio.  18.— .Section  of  an  anthracnostj  spot,  highly 
magnified:  a,  Showint?  the  way  in  which  the 
spores  are  borne;  6,  three  of  these  spores  more 
highly  inagniliod. 
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fortunately  has  not  caused  any  great  general  loss.  It  should  be  care- 
fully watched,  however,  as,  when  once  well  established  under  favorable 
conditions,  its  eradication  is  very  diflBcult. 

Certain  varieties,  such  as  Diamond,  Brighton,  Agawam,  and  Salem, 
are  especially  susceptible  to  this  disease. 

Treatment. 

All  diseased  shoots  should  be  cut  and  burned,  as  it  is  believed  that 
it  is  through  these  that  the  disease  is  chiefly  transmitted  each  reason. 
Spraying  with  Bordeaux  mixture,  as  rec- 
ommended for  black-rot,  when  accom- 
panied by  thorough  cutting  and  burning 
of  diseased  parts,  is  likely  to  prove  suffi- 
cient, except  where  the  disease  is  unus- 
ually severe,  in  which  case  the  treatment 
which  has  been  adopted  and  found  verv 
successful  in  Europe  may  be  followed. 
This  consists  of  the  application  of  the 
following  mixture : 

Sulphate  of  iron  (copperas)   pounds. .  110 

Sulphuric  acid,  commercial quart. .       1 

Hot  water gallons. .     26 

First  pour  the  acid  upon  the  cop])eras 
and  then  add  the  water.  This  mixture 
should  be  prepared  and  handled  with  great 
care,  as  it  is  exceedingly  caustic  and  will 
injure  the  skin,  clotmng,  and  almost 
everji-hing  with  which  it  comes  in  con- 
tact. On  this  account  it  can  not  be  ap- 
plied with  a  common  spray  pump.  A 
swab,  made  by  attaching  a  bundle  of  rags  to  a  stick,  may  be  used 
in  applying  the  mixture.  All  portions  of  the  vines  should  be  thor- 
ougnly  covered  with  this  preparation  just  before  the  buds  begin  to 
swell  m  the  spring. 

BIPE-BOT. 

Ripe-rot  (GlomereUa  rufo- 
maculans  (Berk.)  Spauld.  & 
von  Schrenk)  has  also  been 
called  bitter-rot.  The  name 
bitter-rot  is,  however,  ap- 
plied to  another  fungous  dis- 
ease of  the  grape,  caused  by 
Melanconium  fuligineum .  as 
the  present  name  indicates, 
the  disease  usually  appears 
on  the  fruit  when  the  latter  is 
nearly  mature,  and  under  fa- 
vorable conditions  continues  its  development  and  destruction  after 
the  grapes  are  picked.  It  also  attacks  the  leaves  and  stems,  but  is 
most  noticeable  and  injurious  on  the  fruit.  The  first  indication  of  the 
disease  is  the  appearance  of  reddish-brown  discolored  spots  (fig.  19), 
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Fig.  19.— Grapes  attacked  by  the  ripe- 
rot  {Olomerella  rufomaculana) . 


Fig.  20.— The  fungus  producing  ripe-rot  (Olomerella 
rufomaculans):  a,  Summer  spores,  showing  the  man- 
ner in  which  thoy  are  borae;  o,  the  same  spores,  more 


highly  mai 


c,  a  sac  containing  winter  spores. 
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which  spread  and  finally  extend  over  the  wlude  fruit.  The  sur/kce 
then  becomes  dotted  with  dark,  slightly  elevated  pustules,  in  which 
the  spores  are  borne  (fig.  20,  a,h,).  At  this  stage  of  development  this 
dii^ase  is  not  easilv  distinguished  from  the  early  stages  of  black-rot 
and  bitter-rot.  The  berries  do  not  shrivel  up,  however,  as  in  the 
case  of  the  black-rot,  and  usually  are  easily  detached  from  the  bunch. 
The  spores  mentioned  are  produced  in  large  niunbers  and  serve  to 
spreaa  the  disease. 

The  fungus  causing  this  disease  is  closely  related  to  that  which 
produces  the  bitter-rot  of  the  apple,  and  by  some  is  regarded  as  the 
same;  but  no  entirely  conclusive  cross-infection  experiments  have 
yet  been  reported.  The  Department  of  Agriculture  has  demon- 
strated by  means  of  pure  cultures  of  this  fungus  that  there  is  another 
stage,  producing  spores  very  similar  in  appearance  to  those  just 
mentioned,  but  borne  in  sacs  which  are  inclosed  in  spore  cases  siimlar 
to  those  of  the  black-rot  fungus  (fig.  20,  c).  This  spore  form  is  of 
very  infrequent  or  doubtful  occurrence  in  vineyards,  and  is  probably 
not  an  important  factor  in  the  distribution  of  the  disease. 

It  is  difficult  to  determine  how  much  injury  is  done  by  this  dis- 
*ease  on  account  of  the  liability  of  confusing  it  with  other  fungous 
troubles.  It  is  quite  generally  distributed,  and  may  cause  more  loss 
than  is  usually  attributed  to  it. 

Treatznent. 

Sprayinjg  as  recommended  for  black-rot  will  largely  prevent  this 
disease.  The  later  applications  are  especially  important  and  should 
be  very  thorough. 

LESS  IMPORTANT  DISEA8B8. 
Bitter-Rot. 

The  bitter-rot  of  the  grape  is  caused  by  a  fun^s  known  as  Mdavr 
conium  fuligineum  (Scrib.  &  Viala)  Cav.  Fruit  attacked  bv  this 
disease  presents  an  appearance  quite  similar  to  that  produced  oy  the 
ripe-rot.  Bitter-rot  is  no  doubt  sometimes  confused  with  other  dis- 
eases. It  is  mostly  restricted  to  the  Southern  States,  and  is  not  gen- 
erally regarded  as  serious. 

Treatment. — Spraying  as  for  black-rot  will  probably  prevent  this 
disease. 

White-Bot. 

The  effect  of  the  disease  known  as  white-rot  (Coniothyrium  di^lo- 
dieUa  (Speg.)  Sacc.)  upon  the  fruit  of  the  grape  is  somewhat  similar 
to  that  of  the  brown-rot  form  of  the  downy  mildew.  It  occurs  in 
Missouri  and  the  Southwest  and  has.  been  reported  as  rather  serious 
in  some  parts  of  Ohio. 

Treatment. — There  is  nothing  in  the  nature  of  this  disease,  so 
far  as  known,  to  indicate  that  it  can  not  be  satisfactorily  controlled 
by  the  treatment  recommended  for  black-rot.  Sufficient  knowledge 
of  this  subject  to  justihr  a  positive  statement  in  regard  to  treatment 
is  not  at  present  available. 
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Orown-Oall. 

Crown-gall  is  a  disease  of  somewhat  uncertain  origin,  characterized 
by  the  formation  of  rough  outgrowths,  or  excrescences,  on  the  vines, 
usually  near  the  surface  of  the  soil.  Certain  forms  at  least  are  known 
to  be  contagious. 

Treatment. — All  plants  bearing  galls  should  be  burned,  and  great 
care  should  be  exercised  to  avoid  planting  diseased  stock.  Fungicides 
are  apparently  useless  in  combating  this  disease. 

Boot-Bot. 

The  roots  of  the  grape  are  known  to  be  attacked  by  several  differ- 
ent fungi,  especially  wnen  the  root  system  has  become  weakened  or 
injured  by  other  causes.  Two  forms  of  root-rot  are  of  suflBcient 
importance  to  be  mentioned  here. 

Vibrissea  hypogeea. — The  fungus  known  as  Vibrissea  hypogsea  Ch. 
Richon  &  Le  Monnier  is  usually  associated  with  insect  injury,  caused 
either  by  Phylloxera  or  by  the  grape  root-worm.  It  has  been  found 
in  New  i  ork,  Pennsylvania,  ana  Missouri,  and  appears  to  hasten  £he 
death  of  plants,  especially  those  on  which  the  root-worm  has  been 
at  work. 

TredtmerU, — This  root-rot  can  be  prevented  only  by  the  destruc- 
tion of  the  insects  which  injure  the  root  system  and  thus  give  the 
fungus  opportunity  to  gain  a  foothold. 

Ozonium. — There  is  a  root-rot  of  a  more  serious  nature  preva- 
lent in  and  chiefly  restricted  to  Texas  and  New  Mexico.  This  is 
caused  by  a  fungus  known  as  Ozonium,  which  also  attacks  the  roots  of 
cotton  and  a  great  variety  of  other  plants.  It  is  most  destructive  in 
the  black  waxy,  clav  soils,  which  are  very  poorly  aerated.  Plants 
attacked  die  suddenly,  the  leaves  and  fruit  withering  up  in  a  day  or 
two  and  remaining  on  the  vines. 

Treatment. — No  remedy  is  known  for  this  root-rot  of  the  grape. 
Soil  upon  which  other  plants  have  died  with  the  same  diidease  snould 
be  carefully  avoided  in  planting  vines. 

SheUing. 

The  shelling  or  dropping  of  grapes  from  the  bunches  before  .maturity 
may  be  due  to  various  causes.  In  some  localities  in  New  York  and 
Pennsylvania  this  trouble  is  rather  serious.  The  cases  which  the 
Department  has  had  an  opportunity  to  study  have  been  found  to  be 
due  mostly  to  an  imperfectly  known  fungous  disease,  which  appears  to 
be  induced  chiefly  by  improper  pruning  and  training.  Allowing  the 
vines  to  produce  too  heavy  crops  is  also  hkelj  to  increase  this  trouble. 
The  subject  is  at  present  under  investigation,  and  it  is  hoped  to 
treat  it  separately  in  a  later  publication. 
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FUNGICIDES. 
BORDEAUX  MIXTTJBE. 

Bordeaux  mixture  is  the  most  efficient  fungicide  for  general  use  at 
present  known. 

The  6-6-60  formula. — For  ordinary  use  in  combating  grape  diseases 
the  following  formula  has  given  excellent  results: 

Copper  sulphate  (bluestone  or  blue  vitriol) pounds . .       5 

Fresii  stone  lime do 5 

Water , gallons. .     50 

At  least  100  gallons  of  the  mixture  are  generally  prepared  at  one 
time.  This  amount  can  be  made  by  using  twice  the  quantity  of  each 
material  directed  to  be  used  for  50  gallons,  and  for  150  gallons  three 
times  the  quantity  must  of  course  be  used. 

The  4-4-60  formnla. — A  somewhat  weaker  mixture,  prepared  accord- 
ing to  this  formula,  has  been  successfully  used  in  some  cases  and 
may  perhaps  prove  generally  satisfactory  if  properly  made  and 
thoroughly  applied: 

Copper  sulphate pounds. .      4 

Stone  lime do 4 

Water gallons. .     50 

The  6-3-50  formula. — Bordeaux  mixture  for  use  before  the  buds 
open  in  the  spring  should  be  prepared  according  to  this  formula: 

Copper  sulphate pounds. .       6 

Stone  lime do 3 

Water gallons. .     50 

For  applications  to  dormant  vines  a  simple  solution  of  copper 
sulphate  is  often  used,  consisting  of  4  pounds  of  copper  sulphate  to 
100  gallons  of  water.  The  strong  Bordeaux  mixture  is  more  efficient, 
however,  as  it  adheres  better  to  the  vines  and  is  eflFective  for  a 
longer  period. 

PBEPARATION  OF  BOBDEAXJX  MIXTTJBE. 

Failure  to  secure  satisfactory  results  from  the  use  of  Bordeaux 
mixture  is  frequently  due  to  lack  of  proper  care  and  thoroughness  in 
its  preparation,  or  to  the  use  of  poor  material.  All  ready-made  prepa- 
rations of  Bordeaux  mixture  in  the  form  of  a  paste  or  a  dust  should 
be  avoided,  as  the  chemical  constituents  do  not  properly  combine 
in  these  conditions.  A  definite  chemical  compound  is  desired,  and 
this  can  only  be  produced  in  proper  form  and  condition  by  carefully 
following  the  directions  given  below. 

Stock  Solutions. 

In  order  to  carry  on  the  work  with  the  greatest  convenience  and 
economy,  a  considerable  quantity  of  copper  sulphate  and  of  lime  should 
be  ready  for  immediate  use.  The  copper  and  the  lime  may  be  pre- 
pared and  kept  most  conveniently  in  the  following  manner: 

Copper  sulphate  solution. — Take  100  pounds  of  copper  sulphate 
(bluestone),  place  it  in  a  gunny  sack,  and  suspend  it  in  a  50-gallon 
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Fig.  21.— Elevated  platfonn  for  making  Bordeaux  mixture.  The 
water  supply  is  merely  Indicated.  In  the  absence  of  a  water  supply 
in  pipes  a  water  tank  may  be  used.  Tlio  materials  flow  by  gravity 
directly  into  the  spraying  tank,  which  thus  serves  as  the  mixing 
tank. 


barrel  of  water.  Kerosene  or  whisky  barrels  will  be  found  very  con- 
venient. The  copper  sulphate  will  all  dissolve  in  from  12  to  18  hours 
if  suspended  in  a  loosely  woven  sack,  but  if  it  is  thrown  loose  in  the 
bottom  of  the  barrel  it  will  take  several  days  and  considerable  stirring 
to  dissolve  it.  This  makes  a  solution  containing  2  pounds  of  copper 
sulphate  to  each  gallon  of  water.  This  may  be  kept  as  long  as  desired 
without  deterioration,  if  covered  so  as  to  prevent  evaporation. 

Lime  solution. — The  various  kinds  of  ground  and  prepared  lime 
can  not  always  be  relied  upon;  stone  lime  is  therefore  to  be  preferred, 
and  is  more  likely 
to  give  uniformly 
satisfactory  results. 
Slake  100  pounds 
of  stone  lime  in  a 
50-gallon  barrel, 
adding  the  lime  in 
small  quantities 
with  plenty  of  wa- 
ter and  mixing 
thoroughly.  When 
the  lime  is  all  slaked 
fill  the  remainder  of 
the  barrel  with  wa- 
ter. You  will  now 
have  a  stock  prep- 
aration  of  lime 
which  when  thor- 
oughly mixed  will 
be  thin  enough  to  dip  and  pour  readily.  Each  gallon  of  this  prep- 
aration will  contain  2  pounds  of  the  stone  lime.  This  may  be  kept 
under  cover  and  used  as  needed.  Where  large  quantities  or  material 
are  being  used  it  is  desirable  to  have  two  or  more  barrels  each  of 
stock  lime  and  bluestone  instead  of  one,  so  that  the  bluestone  in  one 
barrel  may  be  dissolving  while  that  in  the  other  is  being  used. 

Mixing  Copper  Sulphate  Solution  and  Ldme  Solution. 

To  prepare  a  100-gallon  spray  tank  of  Bordeaux  mixture,  take 
two  50-gallon  barrels  and  fill  them  nearly  full  of  water;  to  one  barrel 
add  5  gallons  of  the  bluestone  stock  solution,  which  will  be  the  equiva- 
lent of  10  pounds  of  bluestone.  To  the  other  barrel  add  5  gallons 
from  the  barrel  of  the  stock  lime  preparation,  which  will  be  equal 
to  10  pounds  of  stone  lime.  Mix  the  lime  thoroughly  and  allow  the 
contents  of  the  two  barrels  to  run  together  into  a  trough,  or  through 
hose  attached  at  the  bottom  of  the  barrels  into  the  tank  of  the  sprayer, 
as  shown  in  the  illustration  (fig.  21). 

If  an  insecticide  is  to  be  used ,  it  may  now  be  added  to  the  mixture. 

After  the  mixture  is  prepared  it  should  be  used  very  soon,  and  not 
be  allowed  in  any  case  to  stand  more  than  a  few  hours  before  using. 

The  quantities  mentioned  in  this  account  of  the  preparation  of 
Bordeaux  mixture  will  give  100  gallons  of  the  5-5-50  formula.  For 
the  other  formulas,  the  manner  of  preparation  is  precisely  the  same, 
and  the  necessary  changes  in  quantities  of  bluestone  and  lime  are 
easily  calculated. 
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Strainizig. 

In  order  to  avoid  clogging  the  spray  nozzles  the  mixture  must  be 
thoroughly  strained  before  it  goes  into  the  sprayer.  A  strainer  of 
brass  wire  cloth,  20  or  22  meshes  to  the  incn,  should  be  used  for 
this  purpose.  A  very  convenient  and  satisfactory  strainer  is  shown 
in  the  accompanying  illustration  (fig.  22).     It  consists  of  (1)  a  tight 

outer  box  about  1  foot  square, 
with  a  heavy  bottom,  into  which 
f    a  piece  of  IJ  to  2  inch  gas  pipe  is 
fitted  as  an  outlet,  a^  (2)  an 
,    inner  box,   smaller  and  lighter, 
[    which  will  drop   easily  into  the 
outer  one.     The  wire  cloth,  se- 
curely fastened,  forms  the  bottom 
of  the  inner  box,  and  is  sloped 
at  an  angle  of  about  30  to  35  de- 
grees. .  The  slanting  of  the  sieve 
prevents  clogging,  and  the  remov- 
ability of  the  inner  box  greatly 
facilitates   cleaning.     A  narrow 
strip  should  be  nailed  about  the 
outside  of  the  inner  box  at  the 

Fig.  22.-Cro88  section  of  strainer  for  Bordeaux  top,  SO  aS  tO  prCVCUt  itS  dropping 
mixture.  The  inner  frame  with  inclined  wire  f,oo  fftr  Hown  •  tlii«i  will  ftLru^is^fe^ 
•trainer  fits  loosely  into  the  outer  box.  PP^  ^^^  QOWn ,   IIUS  WIU  laClUtaLC 

its  removal. 
Elevated  Platform. 

A  platform  similar  to  the  one  shown  in  the  accompanying  illus- 
tration (fig.  21)  will  be  found  very  convenient  in  handling  the  stock 
solutions  and  the  mixture.  This  should  be  located  near  a  eood 
water  supply.  A  tank  elevated  above  the  mixing  platform  and  nlled 
by  a  winamill  pump  will  be  found  very  convenient,  or  the  platform 
may  be  locatea  beside  a  stream  or  spring  and  the  water  be  raised 
by  means  of  a  force  pump. 


NONSTAINING  PBEPABATIONS. 

Bordeaux  mixture,  when  used  late  in  the  season,  is  apt  to  stain 
the  fruit  more  or  less  and  interfere  with  its  sale.  It  is  therefore  best 
to  use  for  the  final  applications  some  other  fungicide  which  is  not 
open  to  this  objection.  The  amount  of  the  mixture  which  may 
adhere  to  the  grapes  at  the  time  they  are  picked  is  not  sufficient  to 
injure  the  consumer  under  normal  or  average  conditions.  Consum- 
ers, however,  object  to  stained  fruit,  and  tnis  fact  must  be  taken 
into  account. 

The  following  preparation,  though  not  quite  so  efficient  a  fungi- 
cide as  Bordeaux  mixture,  does  not  stain  the  fruit,  and  should,  there- 
fore, be  used  for  the  last  two  applications. 

Burgundy  mixture  (copper  cmhonate  mixture). 

Copper  sulphate pounds. .      2 

Sodium  carbonate  (sal  soda) do 3 

Water gallonB. .  100 
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Dissolve  and  dilute  each  of  the  two  chemicals  to  50  gallons  and 
allow  them  to  run  together  into  the  spray  tank  in  the  same  man- 
ner as  in  making  Bordeaux  mixture. 

Insect  poisons  should  not  be  added  to  this  mixture. 

Ammoniacal  copper  carbonate  has  been  reconmiended  in  previous 
Farmers^  Bulletins  as  a  nonstaining  application.  Copper  acetate 
has  also  been  suggested  for  the  same  purpose.  Accoraing  to  our 
present  knowledge  Burgundy  mixture  is  about  as  safe  and  eflBicient 
as  either  of  these  and  costs  less  than  half  as  much. 

A  simple  solution  of  copper  sulphate,  using  1  pound  to  100  gallons 
of  water,  is  frequently  used  for  the  final  applications,  but  is  much 
inferior  to  the  Burgundy  mixture. 


SPAAYIHO. 
SPBAYING  APPABATTJS. 

The  selection  of  a  spraying  outfit  is  a  very  important  matter  and 
should  be  carefully  considered  by  anyone  who  is  about  to  under- 
take this  work,  it  will  be  found  far  better  in  the  end  to  invest  a 
larger  amount  at  the  start  than  to  purchase  a  cheap  outfit  which  may 
not  be  best  adapted  to  the  work  and  may  prove  a  source  of  vexation, 
delay,  and  expense. 

Good  machines  are  frequently  ruined  in  a  few  seasons  by  lack  of 
proper  care.  It  will  be  found  a  great  saving  of  time  and  expense  to 
wasn  out  the  spray  tank, 
pump,  and  nozzles  thor- 
oughly after  using  and  keep 
the  machine  under  cover. 
The  packing  of  the  pump 
should  also  DC  looked  after 
frequently. 

The  three  most  essential 


factors  concerned  in  the 
operation  of  spraying  are 
tne  power,  the  pump,  and 
the  nozzle. 

Power. 

Hand -power,  horse- 
power, carbonic-acid  gas, 
compressed  air,  and  engmes 
run  by  steam,  gasoline,  and 
kerosene    are    all    used   for 

S raying.     In  order  to  pro- 
ice  a  satisfactory  mist-like 
spray  the  power  must  be  contant  and  sufficient  to  keep  up  the  neces- 
sary pressure. 

Hand-power. — Excellent  work  can  be  done  by  hand-power,  using 
a  knapsack  or  barrel  pump  (figs.  23,  24),  but  the  time  ana  labor 
required  make  it  objectionable  in  large  vineyards.  In  small  vine- 
yards it  may  be  used  to  advantage.** 

oFor  a  general  discussion  of  spraying  machinery  see  Farmers'  Bulletin  243, 
Fungicides  and  Their  Use  in  Preventing  Diseases  of  Fruits,  by  M.  B.  Waite. 
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Fig.  23.— a.  knapsack  sprayer. 
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Fig.  24.— a  barrel  and  cart  spraying  outfit. 


Horse-power. — ^Used  in  connection  with  a  geared  sprayer,  horse- 
power IS  in  very 
general  use  in  vine- 
yards. There  are 
a  number  of  forms 
of  these  sprayers 
on  the  market, 
most  of  which  are 
unsatisfactory,  as 
it  is  not  always  pos- 
sible to  keep  up 
sufficient  ana  um- 
form  pressure  with- 
out driving  so  fast 
that  the  vines  can 
not  be  properly 
covered  with  the 
mixture.  One  of 
these  machines  is 
shown  in  figure  25. 
This,  with  the  addition  of  the  two  nozzles  directed  downward  from 
above,  does  fairly 
good  work. 

Carbonic-acid  gas 
furnishes  excellent 
power  and  does 
entirely  satisfac- 
tory work  in  spray- 
ing. The  pressure 
can  be  easily  con- 
trolled and  there  is 
no  pump  to  get 
out  of  order.  It  is 
considered  some- 
what more  expen- 
sive than  horse- 
power or  gasoline 
power,  however, 
and  unless  one  is  so 
situated  that  the 
drums  can  be  re- 
charged promptly, 
serious  delays  may 
occur  wliich  will  in- 
terfere with  the  suc- 
cess of  the  work. 
A  gas  spraying  out- 
fit is  shown  in  figure 
20.  A  smaller  tank 
mounted  on  a  two- 
wheeled  cart  is  also 
used. 

Compressed  air  is  used  in  the  same  way  as  gas  (fig.  27) 
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Fig.  25.— a  geared  horso-powor  vineyard  sprayer. 
wiUi  a  compressed  air  tank  and  an  extra  nozzle 


..    This  is  provided 
on  each  side  directed 
downward  'in  order  to  spray  the  tops  of  the  vines. 


The  air 
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is  compressed  by  means  of  a  stationary  engine  and  air  pirnip.  Ex- 
cellent work  may  be  done  with  such  a  machine.  The  relative  ex- 
pense of  this  as  compared  with  other  forms  of  power  has  not,  so  far 


Flo.  26.— A  carbonic-acid-gas  sprayer. 


as  we  know, 'been  accurately  determined.     It  is,  however,  preferred 
by  some  growers. 


Fig.  27.— a  conipres3cd-air  sprayer  in  oi)eration. 

Gasoline. — Steam  engines  are  sometimes  used,  but  they  are  usu- 
ally found  too  bulky  and  heavy  for  vineyard  work.  Alcohol  has  not 
yet  apparently  been  used  in  this  comiection.     A  cheap  denatured 
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alcohol  may  perhaps  eventually  replace  gasoline.  At  present,  how- 
ever, gasoline  furnishes  the  most  convement  and  economical  power. 
A  compact  and  strong  engine  of  two  or  three  horsepower,  with 
pump  made  especially  for  spraying  purposes,  will  be  foimd  most 


FiQ.  28.— A  gasoline  engine  and  pump  made  especially  for  spraying. 

satisfactory  (fig.  28).  Such  an  engine  mounted  upon  a  light  handy 
wagon  similar  to  that  shown  in  figure  29,  with  a  tank  holding  100  to 
150  gallons  and  fitted  with  adjustable  rods  and  nozzles  (fig.  30), 
would  perhaps  make  the  most  eflBicient  and  economical  outfit  for 


Fig.  29.— Wagon  and  tank  adapted  to  vineyard  spraying.    A  gasoline  engine  may  be  fitted  In  front 
and  the  upright  adjustable  rods  and  nozzles  shown  in  figure  30  added. 

extensive  vineyard  use.  With  such  an  outfit  one  may  drive  slowly 
and  cover  the  vines  and  foliage  thoroughlv.  If  one  has  orchard 
fruit  to  spray,  an  engine  is  still  more  desirable.  It  may  also  be  used 
for  other  purposes  about  a  place. 
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Pumps. 

The  pump  is  a  very  important  part  of  a  spraying  outfit.  It  should 
'be  strongly  and  carenilly  constructed  and  especially  made  for  spraying 
purposes.  For  use  with  Bordeaux  mixture  all  the  working  parts 
coming  in  contact  with  the  mixtiu-e  should  be  made  of  brass.  Iron 
is  acted  upon  by  Bordeaux  mixtiu*e  and  is  finally  destroyed.  Leather 
valves  should  oe  avoided  fcM*  the  same  reason.  A  good-sized  air 
chamber  is  also  an  essential  featiu*e  in  connection  with  the  pump,  as 
it  helps  to  maintain  a  uniform  pressiu*e. 

Two  of  the  styles  of  pumps  in  common  use  are  shown  in  the  accom- 
panying illustrations  (figs.  31,  32). 

Nozzles. 

Being  supplied  with 
satisfactory  power  and 
pump,  the  next  im- 
portant feature  of  the 
outfit  is  the  spray  noz- 
zle. A  nozzle  of  the 
Vermorel  or  cyclone 
type  (see  fig.  33),  when 
properly  made,  will 
give  a  fine  mist-like 
spray  and  is  to  be  pre- 
ferred to  other  types. 
It  is  to  be  regretted 
that  most  of  the  noz- 
zles in  general  use, 
whether  of  this  form 
or  some  other,  are  not 
made  with  sufficient 
care.  The  nozzles 
should  be  made  of 
brass  and  the  inlet 
chamber  and  the 
opening  through  the  cap  should  be  very  smoothly  and  accurately 
drilled.  The  frequent  use  of  a  degorger  will  gradually  wear  the  open- 
ing in  the  disk  and  make  it  irregular.  For  this  reason  interchangeable 
disks  are  desirable.  These  should  be  made  of  hardened  brass,  steel, 
or  some  other  material  which  is  neither  attacked  by  the  chemicals 
in  the  mixture  nor  easily  injured  by  a  degorger.  Iron,  zinc,  and  tin 
are  worthless  and  should  be  carefully  avoided.  A  poor  nozzle  wastes 
power  and  material  and  sprinkles  the  vines  instead  of  spraying  them, 
while  the  result  of  the  work  is  not  satisfactory.  A  properly  made 
nozzle  should  give  a  fine  mist-like  spray  with  a  minimum  amount  of 
pressure. 
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Fio.  30.— Adjustable  rods  and  nozzles  for  vineyard  spraying. 
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APPLICATION  OF  SPBAY  MIXTTJBES. 

Having  a  satisfactory  outfit  and  the  mixture  properlj  prepared, 
there  is  still  liability  of  failure  unless  the  mixture  is  applied  properly 
and  at  the  proper  times. 

In  spraying,  the  aim  should  be  to  cover  as  nearly  as  possible  the 
entire  surface  of  the  vines,  foliage,  and  fruit  with  the  mixture,  in  order 
to  destroy  all  the  germs  of  the  various  parasites  which  may  come  in 
contact  with  the  plant,  and  to  destroy  the  insects  which  may  feed 
upon  the  foliage,  fruit,  or  buds. 


Fig.  31.— a  large  hand  spray  pump 
with  double  vertical  cylinders 
for  use  with  tank  outfits. 


Flo.  32.— A  large  hand  spray  pump  with  double  horizontal 
cylinders  for  use  with  tank  outfits. 


The  accompanying  illustrations  (figs.  34  and  35)  show  two  grape 
leaves  to  which  Bordeaux  mixture  has  been  applied.  Fi^re  34 
shows  a  leaf  properly  sprayed.  Figure  35  shows  a  leaf  which  ha^ 
been  sprinkleci  rather  than  sprayed.  Too  much  of  the  mixture  hav- 
ing been  applied,  it  has  run  together  in  drops  or  fallen  to  the  ground 
and  been  wasted.  The  leaf  shown  in  figure  35  is,  however,  covered 
better  than  is  generally  the  case  in  vineyard  spraying.  Thorough 
work  is  absolutely  necessary  if  satisfactory  results  are  to  be  secure. 
The  nozzles  should  be  carefully  adjusted  and  directed,  and  should 
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also  be  watched  to  see  that  they  do  not  clog.     The  rods  with  adjust- 
able nozzles,  such  as  shown  in  figure  30,  have  given 
best  results.     The  team  should  be  driven  slowly  and 
at  the  proper  distance  from  the  vines. 

Time  of  application. 

First  application. — In  case  fungous  diseases  are  caus- 
ing serious  loss,  or  the  viney'ard  nas  not  been  sprayed 
before,  a  thorough  application  of  the  strong  Bordeaux 
mixture  mentioned  (6-3-50  formula)  should  be  made 
just  before  the  buds  open.  For  the  grape-growine 
regions  of  New  York,  Pennsylvania,  Ohio,  and  Michigan  this  will 
usually  be  about  May  1.  If  injury  from  the  grapevine  flea-beetle  is 
anticipated,  an  arsenical  should  be  added  to  the  mixture. 

Second  application. — This  should  be  made  just  before  the  blossoms 
begin  to  open,  which  will  be  about  the  1st  of  June  for  the  States  men- 
tioned. The  ordinary  Bordeaux  mixture  (5-5-50  furmula)  should 
be  used,  and  with  an  arsenical   added,  the  spray  will  be  effective 


Fig.  33.— A  vermo- 
rel  spray  nozzle. 


Fig. 


34— A  prapc  loaf  properly  sprayed,  showing  the  surface  covered  with 
minute  drops  of  the  Bordeaux  mixture. 


against  the  grapevine  flea-beetle,  the  rose-chafer,  grape  curculio, 
and  the  flrst  brood  of  the  grape  berry  moth  and  the  grape  leaf-folder, 
respectively. 

Third  application. — This  should    be  made  as  soon  as  the  blossoms 
fall,  using   Bordeaux   mixture    as  above  and  an  arsenical   to  give 
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further  protection  against  the  insects  mentioned  and  to  poison  the 
grape  root-worm,  the  beetles  of  which  are  at  this  time  just  beginning 
to  appear. 

Fourth  application. — ^This  should  be  made  within  10  days  after  the 
third  application,  using  Bordeaux  mixture  as  above  and  an  arsenical. 
This  ana  the  preceding  applications  are  especially  important  for  the 
grape  root-worm  and  the  grape  curculio,  and  will  also  aflFord  further 
protection  against  the  grape  berry  moth  and  the  leaf-folder.  For 
the  insects  first  mentioned,  it  is  very  important  that  this  appUcation 
be  delayed  not  longer  than  10  days  after  the  third. 


Fio  ^5.— A  grape  leaf  improperly  sprayed.    The  mixture  has  been  sprinklod  upon  the  leaf  instead 
<  •-.{«.    •^-^v^a/i  1.   .  fino  rn<Bt  fini\  fhi    ni.^<i/»-.  *"  -nn*  ^'pi^iy  and  properly  covered. 

lu  AP|i  ^t.:ivi.  '  J»     'w    ,v. -iiAae  i/wo  weeks  after  the  fourth, 

.^mg  fli.    ^MF^  ir>H      .  ^utiir-    ^^'^mmended,  and  no  arsenical. 
^^▼*'    '    *     "hi^   i\  j^       -'    noHe  about  two  weeks  after  the 


lis.  >  «<       1 


■>    ^HEATMENT. 

■  Mjvttireis  usually 

»^  average  size. 

•luch  as  150  gal- 

'  will  be  better  to 
'^st  for  labor  and 
«ix  applications, 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington,  D,  C,  March  5,  1907, 
Sir:  I  have  the  honor  to  transmit  herewith  a  paper  entitled  '*  The 
Advantage  of  Planting  Heavy  Cotton  Seed,"  prepared  by  Dr.  H.  J. 
Webber,  Physiologist  in  Charge  of  the  Plant  Breeding  Investigations 
of  this  Bureau,  and  Mr.  E.  B.  Boykin,  a  special  agent  of  the  same 
office.  This  paper  embodies  the  results  of  experiments  in  the  separa- 
tion of  cotton  seed,  and  shows  the  advantage  to  growers  of  making 
such  a  separation  of  their  seed  for  planting.  The  methods  presented 
and  the  apparatus  described  are  new  and  are  of  great  importance 
to  the  cotton  industry.  The  paper  should,  therefore,  be  distributed 
broadcast  among  cotton  planters,  and  I  recommend  its  publication 
as  a  Farmers'  Bulletin. 

Very  respectfully,  B.  T.  Galloway, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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B.  P.  I.— 270. 

THE  ADVANTAGE  OF  PLANTING  HEAVY  COHON  SEED. 


HEAVY  VERSUS  LIGHT  SEED. 

The  importance  of  using  heavy  seed  is  in  many  crops  well  estab- 
lished. Seed  grains,  for  instance,  are  quite  generally  subjected  to 
some  degree  of  separation.  In  tobacco  the  great  importance  of  using 
large  and  heavy  seed  has  been  demonstrated  by  Mr.  A.  D.  Shamel 
in  the  course  of  experiments  conducted  by  the  Bureau  of  Plant  In- 
dustry of  the  Department  of  Agriculture.  In  this  crop  the  tests  of 
light  and  heavy  seed  have  proved  that  the  best  developed  and  most 
vigorous  plants  are  always  produced  from  the  heavy  seeds,  while  the 
light  seeds  produce  small,  irregular,  and  undesirable  plants.** 

To  insure  a  vigorous  development  of  plants  it  is  important  to  have 
a  large  quantity  of  nutriment  stored  in  the  seeds.  Heavy  seeds  are 
the  only  ones  which  meet  this  condition,  and,  as  a  rule,  the  heavier 
they  are  in  proportion  to  their  volume  the  higher  is  the  percentage  of 
germination,  the  more  rapid  is  the  growth  of  the  resulting  plants, 
the  more  resistant  are  they  to  disease  and  adverse  conditions,  and  the 
greater  is  their  productiveness.  Light  sefeds,  on  the  other  hand,  ger- 
minate poorly  and  produce  plants  of  low  constitutional  vigor,  which 
are  readily  attacked  by  diseases  and  which  possess  a  comparatively 
low  degree  of  productiveness. 

It  is  therefore  important  to  subject  seed  for  planting  to  some  proc- 
ess of  separation  by  which  the  light  and  inferior  seeds  are  elimi- 
nated. Such  a  separation  can  readily  be  effected  with  seeds  having 
smooth  seed  coats,  as,  for  instance,  corn,  Avheat,  peas,  and  tobacco. 
A  number  of  methods  have  been  devised  which  are  applicable  to  the 
separation  of  such  seeds,  and  in  the  case  of  a  number  of  important 
crops  extensive  experiments  have  been  conducted  with  separated 
seeds.  The  results  strongly  indicate  the  superiority  of  heavy  seeds 
and  the  advisability  of  separation. 

Comparatively  little  experimental  work  has  been  done  in  the  sepa- 
ration of  cotton  seed,  but  in  view  of  the  beneficial  results  obtained  in 
the  case  of  other  crops  there  is  no  apparent  reason  why  similar 
results  should  not  be  obtained  with  cotton  by  a  separation  which  elim- 
inates the  light  and  inferior  seeds.  The  seeds  of  Upland  varieties  of 
cotton  are  covered  with  a  dense  fuzz  (fig.  1,  A),  which  holds  them 
together  and  prevents  their  separation  by  any  of  the  methods  which 
are  applicable  to  the  separation  of  smooth  seeds,  and  heretofore  no 

a  Sbamel.  A.  D.     The  Improvement  of  Tobacco  by  Breeding  and  Selection. 
Yearbook,  Department  of  Agriculture,  1904,  pp.  440-452. 
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practical  method  has  been  devised  to  meet  these  conditions.  In  view 
of  this  fact  and  the  possibility  of  increasing  the  yield  in  this  way,  it 
was  decided  to  make  some  effort  to  devise  a  method  which  w^ould  be 
adapted  to  the  separation  of  cotton  seeds.  Fortunately,  the  experi- 
ments have  been  very  successful,  and  it  is  now  possible  to  recommend 
what  appears  to  be  a  thoroughly  practicable  and  successful  method. 

PBEPAEATION  OF  SEED  FOB 
SEPARATION. 

It  was  evident  from  the  begin- 
ing  that  the  fuzz  which  covers  the 
seed  in  ordinary  varieties  of  cotton 
would  either  have  to  be  removed 
or  treated  in  some  way  to  paste  it 
dowm  and  thus  prevent  the  seeds 
from  clinging  together.  To  remove 
this  fuzz  would  probably  require 
the  use  of  expensive  machinery 
which  the  majority  of  growers  could 
not  purchase  or  to  which  they  would 
not  have  access.  However,  it  w^as 
found  that  by  rolling  the  seeds  in 
some  finely  pulverized  material  and 
w^ater,  the  fuzz  could  be  so  thor- 
oughly pasted  dow^n  as  to  prevent 
the  seeds  from  adhering  together 
and  thereby  enable  each  one  to  be 
acted  upon  individually  in  the  pro- 
cess of  separation.  This  rolling 
process  is  no  doubt  familiar  to  many 
growers,  as  it  has  l)een  frequently 
employed  in  preparing  seed  for 
planting  in  cases  where  planters  are 
to  be  used  Avhich  aiv.  not  adapted 
to  fuzzy  seed.  The  old  planters 
which  first  came  into  use  required  the  rolling  of  the  seed  before  plant- 
ing, and  some  of  the  modern  planters  also  require  this  treatment. 

Tlie  necessary  apparatus  for  rolling  the  seeds  can  be  provided  at  a 
very  small  cost.  The  one  used  in  connection  with  these  experiments 
consists  of  a  wooden  hexagonal  box  with  a  wooden  axle  extending 
through  its  center,  supported  at  each  end,  and  having  a  crank  at- 
tached at  one  end  for  turning  (fig.  2).  It  has  an  opening  on  one  side 
through  which  the  seeds  can  be  put  in  or  taken  out  and  which  is  closed 
during  the  rolling  process  by  means  of  a  hinged  door.     Probably  a 
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Fig.  1.— Swds  of  fuzzy  Upland  cotton,  before 
and  aft<'r  rolling:  A,  untreated;  B,  rolled  by 
flour-paste  method. 


more  convenient  way  of  making  such  an  apparatus  is  to  use  a  large 
barrel,  similar  to  a  petroleum  barrel,  through  which  a  wooden  axle 
can  be  inserted,  and  the  other  details  arranged  according  to  the  above 
description. 

There  are  a  number  of  materials  which  can  be  used  to  roll  the  seed 
in,  and  almost  any  finely  pulverized  material  will  do;  but  among 
those  which  are  most  likely  to  be  available  on  a  farm  are  ashes, 
acid  phosphate,  and  fine,  dry  soil.  A  small  quantity  of  such  material 
and  water  should  be  sprinkled  through  the  seed  as  it  is  put  into  the 
barrel,  and  more  should  be  added  gradually  as  the  rolling  proceeds 
until  there  is  sufficient  to  thoroughly  paste  down  the  fu^z.  The  quan- 
tity will  vary  somewhat  according  to  the  variety  of  seed,  for  it  will 
take  more  for  a  given  quantity  of  small  seeds  than  of  large  ones,  as 
they  will  have  a  greater  surface  area.  However,  with  a  little  expe- 
rience it  is  very  easy  to  determine  how  much  should  be  used  to  get  the 
best  results.  It  is  important  to 
guard  against  the  use  of  excess- 
ive quantities,  especially  of  wa- 
ter, as  this  will  prevent  a  satis- 
factory separation.  The  rolling 
should  be  very  thoroughly  done 
and  should  continue  until  the 
seeds  fall  apart  very  readily. 
This  rolling  process  is  not  en- 
tirely satisfactory,  as  it  prob- 
ably introduces  a  slight  element 
of  error  in  the  separation,  ow- 
ing to  the  fact  that  in  some 
cases  it  slightly  changes  the 
relative   weights  of  the   seeds. 

In  the  first  separation  experiments  conducted  by  the  writers  the 
above  methods  of  rolling  and  cementing  down  the  fuzz  were  followed. 
It  was  later  found  that  the  same  object  could  be  accomplished  nnich 
more  easily  and  thoroughly  by  using  flour  paste,  a  material  which,  so 
far  as  the  writers  are  informed,  has  never  before  been  used.  To 
treat  seed  by  this  method,  take  an  ordinary  drinking  glass  full  of  flour 
(from  4^  to  5  ounces)  and  mix  it  thoroughly  with  one  pint  of 
water,  stirring  it  until  the  flour  is  thoroughly  mixed  with  the  water 
and  not  lumpy.  Then  add  1  quart  more  of  water  and  boil  until  it 
thickens  and  becomes  pasty.  It  will  be  observed  that  this  is  the  same 
process  used  by  housewives  in  making  flour  paste  and  flour  gravy. 

After  cooling  the  paste,  place  1  bushel  of  cotton  seed  in  the  rolling 
apparatus  and  pour  the  paste  over  it.  Then  close,  and  roll  the  seed 
from  seven  to  ten  minutes,  after  which  it  can  be  dumped  out  and 
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Fig.  2.— Apparatus  used  in  rolling  s«'d. 
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spread  on  the  floor  of  the  barn  or  in  some  other  convenient  place  to 
dry.  It  has  been  found  that  seed  treated  in  this  way  can  be  spread 
out  in  a  layer  from  3  to  4  inches  deep  and  dried  without  diflBcuIty. 
It  was  at  first  thought  that  the  seeds  would  stick  together  in  drying, 
but  this  has  not  proved  to  be  the  case.  If  more  than  one  bushel  of 
seed  is  to  be  rolled  at  one  time,  increase  the  quantity  of  paste  used  in 
proportion.  By  this  method  the  seeds  are  coated  with  a  thin  pellicle 
of  paste,  which  sticks  the  fuzz  down  firmly  and  allows  the  seeds  to 
fall  apart  readily  (fig.  1,  B).  The  seeds  after  treatment  remain  in 
the  same  condition  permanently  until  moistened  or  soaked  in  water, 
and  the  paste  in  no  way  interferes  with  their  use  in  feeding  or  for 
other  purposes,  if  desired  later. 

When  the  fuzz  is  stuck  down  by  using  ashes,  fine  soil,  etc.,  as  de- 
scribed previously,  the  seeds  must  be  separated  while  still  quite 
damp,  as  the  hairs  on  drying  straighten  out  and  the  dust  rattles  out, 
so  that  they  begin  to  adhere  again.  This  necessity  of  separating 
them  while  still  moist  increases  the  element  of  error  in  the  separa- 
tion, owing  to  the  weight  of  both  the  water  and  the  material  adher- 
ing to  the  seed.  Again,  if  the  rolling  is  to  have  any  efTect  in  the 
planting,  the  seeds  must  be  put  in  the  planters  and  planted  while 
still  moist.  This  bunches  the  work  of  separation  and  planting  so 
much  as  to  make  it  difficult  for  the  planter  to  carr}^  it  out  successfully. 
By  using  the  flour-paste  method  these  difficulties  are  avoided.  The 
rolling  and  separation  of  the  seed  can  be  done  in  the  winter,  when 
there  are  no  rushing  farm  operations  under  way  and  when  there  is 
an  abundance  of  labor.  Separating  the  seed  at  this  time  will  cost 
the  planter  scarcely  anything,  as  it  can  be  done  at  odd  times  when  the 
helpers  would  otherwise  be  idle.  The  seeds  treated  by  the  paste 
method  are  dried  before  separation,  so  that  the  element  of  error  is 
reduced,  and  the  seeds  after  treatment  remain  in  the  same  condition 
as  long  as  they  are  kept  dry.  In  the  spring  they  will  thus  be  in 
excellent  condition  to  run  through  the  planter  easily.  By  this 
method,  furthermore,  the  fuzz  is  so  completely  pasted  down  and  the 
seeds  roll  apart  so  easily  that  it  is  believed  they  can  be  planted  with 
perfect  satisfaction  in  the  ordinary  double-row  corn  planters,  which 
check  the  seed  in  hills.  As  there  is  a  growing  tendency  to  plant  cot- 
ton in  rows  both  ways,  so  that  it  may  be  cultivated  more  completely 
by  machinery,  it  is  believed  that  this  simple  discovery  of  attaching 
the  fuzz  by  use  of  flour  paste  is  of  great  importance  to  the  industry 
as  a  whole.  If  planted  with  a  corn  planter  and  dropped  at  regular 
distances  without  reference  to  placing  them  in  rows  both  ways,  this 
method  will  even  then  be  of  great  importance,  as  it  facilitates  drop- 
ping, insures  uniformity  in  the  number  of  seeds  dropped,  and  does 
avray  with  much  of  the  labor  necessary  in  thinning  when  cotton  is 
planted  in  the  ordinary  way. 
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METHOD  OF  SEPARATIirO  SEES. 

In  searching  for  a  practical  method  of  separating  the  heavy  from 
the  light  seeds  after  they  had  been  rolled  as  previously  described, 
several  available  fanning  mills  and  shaking  machines  of  various 
types  were  tested,  but  in  no  case  was  a  satisfactory  separation 
obtained  with  existing  machines.  The  experiments  with  air-blast 
fanning  mills,  where  the  current  of  air  is  directed  for  a  short  distance 
through  a  flue,  gave  indications  of  success.  By  experiments  with 
such  machines  it  was  found  that  a  successful  separator  must  contain 
a  flue  of  considerable  length  through  which  a  strong  blast  of  air  can 
be  directed  and  in  which  the  seed  may  be  ex- 
posed fully  to  the  action  of  tht*  hIi\  Tu  a  luug 
tube  the  seeds  boil  up  and  down  under  the 
action  of  the  air  current^  giving;  an  opportunity 
for  the  heavy  ones  to  fall,  while  the  light  ones 
are  carried  on  and  finally  blown  out,  A  plan 
was  devised  for  a  special  machine,  but  it  was 
found  that  one  of  the  ordinary  types  of  air- 
blast  fanning  mills  could  be  modified  into  about 
the  type  of  machine  desired 
and  embrace  the  principles 
involved  in  this  plan. 

The  machine  which  was 
modified  °  (fig.  8)  was  ar- 
ranged for  the  seeds  to  be 
fed  from  a  hopper  (fig.  4,  a) 
on  to  a  vibrating  screen  (fig. 
4,  i,  and  fig.  5)  which 
would  catch  the  wads  of 
seed  and  any  large  bodie> 
of  foreign  matter  and  dis- 
charge them  (fig.  4,  d)  be- 
fore they  reached  the  flue, 
but  which  would  allow  the 
individual  seeds  to  prss 
through  its  meshes  to  another  vibrating  screen  with  fine  meshes 
(fig.  4,  r),  which  delivered  them  into  a  short  flue  (fig.  4,  e),  where 
they  were  brought  in  contact  with  a  current  of  air  driven  by  a  fan 
from  below,  which  carried  the  light  seeds  out  through  the  top  of 
the  flue  and  allowed  the  heavy  ones  to  drop  through  into  a  box 
below. 


Fig.  3.— Set'd  separator  as  modified  and  used  in  exi)erl- 
ments. 


oA  patent  on  the  apparatus  describcMl  has  been  applied  for  on  behalf  of  the 
Department  of  AgrieuUure  In  order  that  the  pubHc  may  make  and  use  the 
device  without  the  payment  of  royalties. 
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The  principal  modifications  were  to  change  the  gearing  so  that  the 
fan  could  be  run  fast  while  the  frame  holding  the  screen  vibrated 
slowly,  and  to  put  additional  sections  in  the  flue  for  the  purpose  of 
increasing  its  length  so  as  to  give  a  longer  space  in  which  the  separa- 
tion can  take  place  (fig.  4,  g^  g^  g).  The  separator  flue  in  the  original 
machine  from  the  point  of  entrance  of  seed  (fig.  4,  ^)  to  point  of 
discharge  of  light  seed  above  was  only  6  inches  in  length.  This 
flue,  or  tube,  was  extended  to  a  length  of  4^  feet  by  adding  four  sec- 
tions of  box-like  form  which  could  be  set  one  upon  the  other  and 
fitted  together  firmly.  This  sectional  construction  of  the  flues 
allowed  of  experimentation  with  fluos  of  dif- 
ferent lengths.  The  method  of  construction 
is  illustrated  in  figure  4,  k\ 
The  separation  dependji  upon  the  fact  tiuit 
the  effect  of  the  blast  exercises  itself  in  a  dif- 
ferent manner  upon  tfjc  st*eds  nccording  to 
their  size  and  specifiL'  weight;  those  Herds 
having  the  greatest  weight  relative  to  their 


Fig.  4.  Plan  ci  seed  *  pftfftti>r:  a.  Brtd  boppor;  ft» 
first  sieve,  through  l^hiejh  aifd  ]mi9flca  Ijut  wblch 
removes  diseased  lnwka,  largo  lurnp^^  of  s(»*"d,  t't,%, 
which  are  dischargiil  by  flpuut  at  J;  t,  »woild 
sieve,  with  fine  meshrs.  duwri  which  thi*  seh^B  rdU 
and  fall  into  the  flun  at  r;  ^.g.^ir  flui-;  j,  t&n\ 
/.point  at  which  air  blast  (rom  fan  intcra  tht  fltit- 
i,  point  at  which  hra  vy  setnl  In  itiHctwrgiKl  \  A,  point 
at  which  light  seeds  are  blown  out;  Jt,  grooving  of 
top  and  bottom  of  sections  of  flue,  showing  how 
sections  an'  constructed  to  fit  into  each  other. 

size  drop  through  the  blast,  while  the  light  ones  having  a  large 
surface  in  proportion  to  their  weight  are  unable  to  resist  the  blast 
and  are  therefore  carried  off  through  the  flue.  The  separation, 
therefore,  is  not  entirely  in  accordance  with  the  absolute  weight  or 
size  of  the  seeds,  but  this  does  not  seem  to  be  necessary,  as  it  is  more 
important  to  get  those  having  the  greatest  weight  in  proportion  to 
their  volume.  It  quite  frequently  happens  that  large  seeds  are  rela- 
tively very  light  and  inferior  owing  to  shrunken  or  imperfectly  devel- 
oped kernels,  yet  they  may  have  a  rather  high  absolute  weight.  They 
are,  however,  probably  not  so  desirable  as  smaller  seeds  having  the 

285 


11 


same  absolute  weight,  because  their  hulls  being  larger  represent  a 
greater  percentage  of  their  weight;  consequently  the  kernel,  which  is 
the  most  important  part  of  the  seed,  necessarily  represents  a  smaller 
percentage  of  the  gross  weight  than  in  the  case  of  small  seeds  having 
the  same  weight. 

In  order  to  secure  the  most  satisfactory  separation  it  is  necessary 
to  have  the  machine  run  at  a  uniform  speed  which  has  been  tested 
and  found  to  give  good  results.  The  best  separation  will  thus  be 
obtained  where  the  machine  can  be  attached  to  some  power  plant  or 
run  by  a  gasoline  or  kerosene  engine.  In  many  cases  power  can 
probably  be  obtained  in  the  gins.  While  it  is  better  to  procure 
power  from  an  engine,  a  very  fair  separation  can  be  obtained 
with  hand  power.  To  secure  a  thoroughly  satisfactory  separation 
requires  some  practice  and  expe- 
rience with  the  machine,  as  the 
air  blast  must  be  properly  regu- 
lated. If  only  one  separation  is 
to  be  made  the  speed  must  be  reg- 
ulated so  that  from  one-fourth  to 
one-half  of  the  seed  is  blown  out 
at  the  top  of  the  flue  as  light  seed. 
A\Tiile  in  general  it  is  only  the 
light  seed  that  is  blown  out,  still 
some  good  stM^d  will  doubtless  in 
all  cases  be  blown  over.  As  the 
light  seed  can  be  utilized  in 
other  ways,  this  is  not  a  serious 
fault.  If  the  most  perfect  re- 
sults are  desired,  the  heavy  seed 

of  the  first  separation  should  be  run  through  the  separator  a  second 
time.  A  double  separation,  however,  in  most  cases  will  probably  not 
be  found  practicable  or  necessary  if  the  first  separation  has  been 
properly  done. 


Fio.  5.— Section  of  first  sieve,  showing  size  of 
meshes. 


TESTS  OF  SEPARATED  SEED. 


After  separation  it  is  very  easy  to  detect  a  difference  in  the  appear- 
ance of  the  light  and  heavy  grades.  In  the  heavy  grade  the  seeds  are 
plumper,  more  uniform,  and  have  a  much  better  general  appearance. 
In  order  to  determine  the  relative  weights  of  the  different  grades  a 
quantity  of  seed  was  separated  into  four  grades,  which  for  conven- 
ience were  designated  as  heavy,  medium,  light,  and  very  light,  and 
500  seeds  were  taken  from  each  grade  and  accurately  weighed,  giv- 
ing the  following  results:  The  heavy  seeds  weighed  81 J  grams;  the 
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medium,  77^  grams;  the  light,  74^  grams,  and  the  very  light,  62^ 
grams.  After  separating  another  lot  of  seed  into  three  grades — heavy, 
medium,  and  light — a  box  of  seed  containing  almost  a  bushel  was 
taken  from  each  grade  and  weighed,  with  the  following  results: 
The  heavy  seed  weighed  25J  pounds;  the  medium,  22f  pounds,  and  the 
light,  20f  pounds.  It  is  thus  demonstrated  that  the  separation  is  in 
accordance  with  the  weight  of  the  seeds. 

To  determine  the  relative  percentage  of  germination  of  seeds  from 
the  different  grades  and  as  far  as  possible  to  get  suggestions  as  to 
the  relative  vigor  of  the  resulting  plants,  a  small  test  was  made  in 
the  greenhouse.  For  this  test  a  quantity  of  seed  was  separated 
into  four  grades — heavy,  medium,  light,  and  very  light — and  350 
seeds  were  taken  from  each  grade  and  planted  in  practically  pure  sand. 
The  results  are  given  in  the  following  table: 

Table  1. — Gennination  of  350  seeds  of  various  grades  planted  in  greenhouse  on 

March  2,  J906. 


Grade  of  seeds. 


Number  of  seeds  germinated. 


Very  light 80 

Light I  52 

Medium i  26 

Heavy 20 


115 
86 
55 
54 


174 
196 
169 
175 


r.ll. 

Mar.  12. 

Mar.  13. 

Mar.  14. 

Mar.  16. 

188 

218 

224 

226 

228 

253 

290 

290 

292 

294 

236 

261 

270 

272 

273 

246 

279 

292 

297 

305 

For  some  cause  the  plants  from  the  medium  grade  began  damping 
off  very  soon.  It  is  likely  that  they  were  watered  too  freely.  In  any 
case  the  results  from  this  grade  are  not  considered  reliable.  It  will 
be  observed  that  a  large  percentage  of  all  grades  germinated,  but  that 
the  highest  percentage  of  germination  was  in  the  case  of  the  heavy 
seeds.  An  interesting  point  in  this  connection  is  the  fact  that  the 
light  seeds  germinated  more  quickl}^  than  the  heavy  ones,  as  can  be 
seen  by  referring  to  the  table.  However,  the  most  striking  difference 
was  in  the  appearance  of  the  resulting  plants  from  the  various  grades. 
Many  of  those  from  the  light  grades  were  yellow  and  unhealthy  in 
apj)earance,  while  those  from  the  heavy  grade  appeared  to  be  much 
stror.ger  and  more  vigorous. 

In  order  to  determine  what  advantage  would  l)e  gained  by  elimi- 
nating ill  such  separation  the  light  and  inferior  seeds  and  planting 
only  the  heaviest  and  best  developed  ones,  careful  tests  were  made 
in  1900  at  Lamar,  S.  C,  in  cooperation  with  Mr.  C.  L.  Reynolds, 
and  at  Hartsville,  S.  C,  on  the  farm  of  J.  L.  Croker  &  Co.  For  the 
test  at  Lamar,  a  quantity  of  Hawkins  seed  was  separated,  and  the 
heavy  seeds  and  the  unseparated  seeds  of  this  variety  were  planted 
in  alternate  rows  on  about  2  acres  of  land,  i.  e.,  approximately  1 
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acre  of  each.    There  were  twenty  rows  of  each  kind.    The  resulting 
yields  are  given  in  the  following  table: 

Table  2. — Yield  of  seed  cotton  obtained  in  test  at  Lamar,  8.  C. 


Kind  of  seed  planted. 


FIret 
pick. 


Second 
pick. 


Third 
pick. 


Total 
yield. 


Heavy  (20  rows) 

Unseparated  (20  rows) . 


Pounds. 
375 
835 


Pounds. 
253i 

228 


Pounds. 
419 
S81i 


Pounds. 
1,047  J 
944i 


In  this  test  the  yield  resulting  from  the  heavy  seed  was  103  pounds, 
or  10.9  per  cent,  more  than  the' yield  from  the  unseparated  seed. 

For  the  test  at  Hartsville  a  quantity  of  Jones's  Improved  seed, 
which  was  grown  on  the  Coker  farm  at  Hartsville  in  1905  and  se- 
lected for  planting  in  1906,  was  separated,  and  about  an  acre  of  land 
was  planted  with  the  heavy  seed  and  the  same  area  with  unseparated 
seed,  the  two  kinds  being  planted  in  alternate  rows  over  the  entire 
area.  There  were  fourteen  rows  of  each  kind,  and  the  yields  are 
shown  in  Table  8. 

Table  .S. — Yield  of  i<eed  cotton  obtained  in  test  at  Hartsville,  8.  C. 


Kind  of  seed  planted. 


Heavy  (14  rows) 

Unseparated  (14  rows). 


First 
pick. 


Pounds. 
1681 
139 


Second 
pick. 


Pounds. 
793 
716j 


Third 
pick. 


Pounds. 
212J 
221i 


Total 
yield. 


Pounds. 
l,164j 


,1641 
,075J 


As  shown  by  Table  3,  in  the  test,  at  Hartsville  the  heavy  seed 
yielded  88f  pounds  of  seed  cotton,  or  8.25  per  cent,  more  than  the 
unseparated  seed. 

Thus  it  is  seen  that  in  both  of  these  tests,  which  were  accurately  con- 
ducted under  actual  field  conditions,  there  was  a  substantial  differ- 
ence in  favor  of  the  heavy  seed.  If  the  seed  cotton  is  rated  at  4 
cents  a  pound,  the  differences  in  the  yields  obtained  at  Lamar  and 
Hartsville  are  approximately  equivalent  to  $4.12  and  $3.55  per  acre, 
respectively.  At  first  thought  this  no  doubt  appears  to  be  a  rather 
small  difference,  yet  it  must  be  remembered  that  only  a  very  slight 
outlay  is  involved  in  getting  this  additional  yield.  It  is  estimated 
that  the  cost  of  separation  need  not  exceed  10  cents  a  bushel.  In  fact, 
on  most  farms  the  regular  laborers  have  sufficient  spare  time  to  do 
this  work  without  any  additional  expense,  so  that  practically  the 
only  expense  involved  is  the  cost  of  picking  the  extra  quantity  of 
cotton  which  is  produced.  In  the  case  of  both  of  our  tests  the  sep- 
aration resulted  in  a  net  profit  of  more  than  $3  an  acre  after  deduct- 
ing the  necessary  amount  for  all  extra  expenses.  The  increase  in 
the  yield  on  the  two  tests  averaged  only  about  10  per  cent,  but  in 
view  of  the  fact  that  this  increase  does  not  involve  a  corresponding 
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increase  in  expenses  the  profits  on  tlie  crop  are  increased  by  a  much 
greater  percentage.  For  instance,  if  the  profit  on  an  acre  of  land 
is  $10  under  ordinary  conditions,  the  net  increase  by  separation  is 
more  than  30  per  cent  of  the  profit  obtained  without  the  separation. 

So  far  as  can  be  judged  from  the  evidence  which  has  thus  far  been 
obtained,  this  method  of  separation  seems  to  afford  a  simple,  practical, 
and  inexpensive  means  of  materially  increasing  the  yield  and  greatly 
increasing  the  percentage  of  profit  from  a  cotton  crop,  and  it  is  quite 
likely  that  while  it  is  possible  to  realize  a  greater  yield  it  will  also 
bring  about  a  general  improvement,  or  amelioration,  of  the  variety 
which  is  grown.  Should  it  be  possibleto  bring  about  an  amelioration 
in  this  practical  way,  it  will  not,  of  course,  be  comparable  to  scientific 
selection,  which  deals  with  individuals,  yet  it  will  probably  lead  to 
the  progressive  improvement  of  the  croj)  and  counteract  degeneration. 

In  the  examination  of  cotton  in  the  field  it  is  almost  impossible  to 
recognize  differences  in  yield  unless  such  differences  are  very  extreme. 
In  neither  of  the  tests  conducted  by  the  writers  at  Lamar  and  Harts- 
ville,  S.  C  could  the  superiority  in  yield  of  the  rows  planted  with 
heavy  seed  be  surely  distinguished  by  the  eye.  It  was  necessary  to 
pick  and  weigh  the  product  to  determine  definitely  the  results.  Plant- 
ers are  therefore  ctuitioned  against  concluding  from  an  examination 
in  the  field  alone  that  separation  has  been  ineffective.  The  product 
must  actually  be  weighed  to  determine  the  difference  in  yield. 

SEPARATION  OF  SEA  ISLAND  COTTON  SEED. 

The  writers  have  made  no  tests  of  heavy  and  light  Sea  Island  cotton 
seed,  but  tliere  would  seem  to  be  no  reason  why  the  separation  in  this 
case  should  not  give  increased  yields  similar  to  those  obtained  with 
Upland  cottons.  When  Sea  Island  and  Egyptian  seed  are  separated 
on  the  machine  a  ver}^  perfect  separation  of  light  and  heavy  seed 
apj)arently  results.  In  connection  with  his  experiments  in  1906,  Mr. 
W.  A.  Orton,  of  the  Department  of  Agi-iculture,  planted  some  Sea 
Island  seed  which  had  been  separated  with  the  apparatus  previously 
described  and  made  some  notes  on  the  germination  of  light,  heavy, 
and  unseparated  seeds  which  show  that  in  rows  of  equal  length  the 
germination  was  as  follows:  Light  seed,  188  plants;  heavy  seed,  327 
plants,  and  unseparated  seed,  '237  plants.  While  this  experiment  was 
not  sutticiently  extensive  or  carried  far  enough  to  show  conclusively 
the  supei-iority  of  the  heavy  seed,  it  clearly  indicates  what  may  be 
exjH'cted. 

The  A.  V.  Brantley  Company,  of  Blackshear,  Ga.,  acting  under 
the  advice  of  Mr.  Orton,  constructed  a  machine  on  the  plan  of  that 
rlevised  by  the  writers,  and  have  separated  large  quantities  of  Sea 
Island  seed  for  planting  during  1007.  The  different  grades  of  seed 
sepiirated  by  them  are  shown  in  figure  0.    The  pile  of  seed  A  is  the 
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unseparated  seed  as  it  comes  from  the  gin.  Mixed  with  the  seed 
is  a  considerable  quantity  of  seed  cotton,  mainly  in  diseased  locks, 
which  the  gins  are  set  to  throw  out.  These  diseased  or  injured  locks 
(fig.  6,  B)  are  separated  by  the  first  sieve  (see  fig.  4,  ft)  and  are  dis- 


Fio.  6.— Si'paratod  Soa  Island  cotton  soeds:  A,  seeds  before  separation;  B,  diseased  locks  and  himps 
removed  by  first  (larg^^-meshed)  sieve;  C,  heavy  smooth  stH»d,  falling  down  in  air  flue;  D,  light,  dis- 
eased, and  hybrid  sii'd,  blown  out  at  top  of  flue;  E,  a  few  of  the  hybrid  fuzzy  soiHis  stdected  from 
mass  of  light  seeci  (D). 

charged  without  passing  through  the  flue.  This  material  is  after- 
wards run  through  a  saw  gin  and  converted  into  linters,  the  value  of 
which  is  about  o  cents  a  i^ound.     The  heavy  seed,  which  is  used  for 
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planting,  is  shown  in  figure  6  as  C,  and  the  light  seed,  with  which  are 
mixed  many  fuzzy  seeds,  as  D.  A  lot  of  85  pounds  of  seeds  after  sep- 
aration by  the  Brantley  Company  consisted  of  76  pounds  of  cleaned 
seed,  7i  pounds  of  imperfect  seed,  and  1^  pounds  of  cotton.  It  is 
probable  that  the  cleaned  seed  in  this  case  should  have  been  run 
through  the  separator  again  under  an  increased  air  blast,  as  the  large 
percentage  of  cleaned  seed,  76  pounds  out  of  85  pounds,  indicates  that 
the  separation  into  light  and^heavy  grades  was  not  sufficiently  thor- 
ough to  obtain  the  full  benefit  of  the  operation. 

Sea  Island  cotton  seeds  are  smooth,  lacking  the  fuzz  which  covers 
the  seed  of  Upland  cotton,  and  they  therefore  do  not  require  to  be 
rolled  before  separation.  An  additional  advantage  of  importance 
gained  by  the  separation  of  Sea  Island  seed  is  that  this  process  will 
eliminate  all  fuzzy  seeds,  as  these  are  easily  caught  by  the  air  and 
blown  out  with  the  light  seed.  Great  difficulty  has  been  experienced 
by  Sea  Island  cotton  planters,  especially  in  inland  regions,  in  keeping 
their  seed  pure,  owing  to  accidental  mixture  with  Upland  seed,  which 
is  more  generally  grown,  and  also  owing  to  impurities  introduced  by 
accidental  crossing  or  hybridizing  with  Upland  varieties,  which  is  a 
very  general  and  common  source  of  degeneration  in  Sea  Island  seed. 
Fortunately,  such  accidental  hybrids  with  fuzzy-seeded  Upland  vari- 
eties practically  always  produce  fuzzy  seeds,  and  these  hybrid  seeds 
and  seeds  of  any  U]jland  cotton  accidentally  mixed  with  the  Sea 
Island  cotton  are  eliminated  by  the  separation  (fig.  6,  D  and  E).  In 
Sea  Island  cotton,  where  the  success  of  the  industry  depends  upon 
keeping  up  the  high  quality  and  extreme  length  of  the  fiber,  it  can 
readily  be  seen  that  the  separation  of  the  seed  is  of  great  value  because 
of  this  one  feature,  if  no  other  advantage  is  gained. 

HOW    TO    OBTAIN   THE   ITEGESSABY    APPABATTJS    FOB    COTTON 

SEED  SEFABATION. 

The  only  two  pieces  of  apparatus  necessary  to  separate  cotton  seed, 
as  described  in  this  bulletin,  are  the  seed  roller  and  the  seed  separator. 
The  seed  roller  can  easily  be  made  by  any  farmer  from  a  petroleum 
barrel,  as  previously  described.  A  seed  separator  of  the  kind  de- 
scribed is  not  as  yet  manufactured  and  at  the  present  time  can  not 
be  purchased.  It  is,  however,  very  easy  to  make  an  apparatus  of  this 
kind.  Air-blast  fanning  mills,  similar  to  that  shown  in  figure  3,  can 
be  purchased,  and  a  carpenter  can  easily  make  an  extension  of  the 
flue,  as  described.  Aside  from  the  extension  of  the  flue,  the  only 
change  necessary  is  to  modify  the  gearing  so  that  the  fan  may  be  run 
at  a  rapid  rate  without  increasing  the  speed  of  the  sieve  shaker.  By 
studying  the  description  of  the  separator  previously  given,  any  car- 
penter should.be  able  to  make  these  changes  at  slight  expense  to  the 
planter. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washijigton,  D.  (7.,  March  5,  1907. 
Sm:  I  have  the  honor  to  transmit  herewith  a  paper  by  Mr.  E.  B. 
Boykin,  a  special  agent  of  the  Plant  Breeding  Investigations  of  this 
Bureau,  entitled  "Comparative  Value  of  Whole  Cotton  Seed  and 
Cotton-Seed  Meal  in  Fertilizing  Cotton. '' 

Notwithstanding  the  fact  that  the  oil  in  the  cotton  seed  is  its  most 
valuable  constituent  and  that  the  removal  of  the  oil  in  no  way  injures 
or  reduces  the  fertilizer  value  of  the  seed,  very  many  cotton  growers 
still  continue  to  use  large  quantities  of  whole  cotton  seed  as  a  fertilizer. 
This  is  a  very  wasteful  practice,  as  an  equivalent  value  of  cotton-seed 
meal  from  which  the  oil  has  been  expressed  would  have  much  greater 
fertilizer  value.  The  opinion,  however,  prevails  among  many  plant- 
ers that  the  whole  cotton  seed  possesses  some  advantage.  Mr.  Boykin 
has  conducted  experiments  to  demonstrate  the  fallacy  of  this  belief, 
and  the  results  of  his  experiments,  which  show  the  loss  from  the  prac- 
tice, are  reported  in  this  paper.  To  accomplish  its  object  this  paper 
should  be  very  generally  distributed  among  cotton  planters,  and 
I  would  therefore  recommend  that  it  be  published  in  the  Farmers^ 
Bulletin  series. 

Respectfully,  B.  T.  Galloway, 

Chief  of  Bureau, 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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B.  P.  I.— 269. 

COMPARATIVE  VALUE  OF  WHOLE  COHON  SEED  AND 
COnON-SEED  MEAL  IN  FERTILIZING  COHON. 


INTBODUGTION. 

Cotton  in  its  early  history  was  grown  entirely  for  its  fiber,  and  the 
value  of  the  seed  was  unknown.  It  was  considered  a  difficult  problem 
to  find  a  suitable  means  of  disposing  of  the  seed.  The  most  common 
way  of  doing  so  was  to  haul  it  to  some  remote  place  or  to  dump  it 
into  some  convenient  stream,  the  object  being  simply  to  get  rid  of  it 
with  as  little  trouble  as  possible.  Less  than  a  century  ago  the  seed 
was  considered  a  nuisance,  to  be  destroyed,  while  to-day  it  represents 
a  large  proportion  of  the  value  of  the  cotton  crop.  The  seed  of  a 
12,000,000-bale  crop  is  worth  nearly  $100,000,000  in  the  raw  state. 
This  change  in  valuation  has  come  about  by  degrees.  The  fertilizing 
value  of  the  seed  was  first  recognized,  and  until  comparatively  recent 
years  its  only  uses  have  been  for  planting  and  fertilizing  purposes. 
However,  its  uses  have  been  multiplied  and  its  value  greatly  increased 
by  the  very  recent  development  of  the  cotton-seed  oil  mills,  which  is 
the  result  of  the  great  value  now  attached  to  the  oil  in  the  seed. 
Fortunately,  while  this  oil  is  adapted  to  such  a  great  variety  of  uses 
and  has  become  such  a  valuable  product,  so  far  as  is  known  at  present 
it  possesses  none  of  the  ingredients  which  give  to  the  seed  its  fertilizing 
properties.  It  is  composed  of  carbon,  hydrogen,  and  oxygen,  three 
elements  which  are  essential  to  plant  growth,  but  which  are  supplied 
so  abundantly  by  nature  that  it  is  unnecessary  to  apply  them  arti- 
ficially; hence,  it  is  supposed  that  the  fertilizing  value  of  the  seed  is 
not  diminished  by  extracting  the  oil,  but  that  utility  is  given  to  a 
portion  of  the  seed  which  had  none  before.  Nevertheless,  large 
quantities  of  seed  are  still  used  as  a  fertilizer  without  extracting  the 
oil.  The  value  of  the  oil  in  an  ordinary  crop  of  seed  in  this  country 
will  approximate  $60,000,000. 

SEED  USED  FOE  FEBTILIZEB. 

Granting  that  our  theory  is  correct,  that  the  oil  has  no  manurial 
value,  and  that  it  can  be  extracted  from  the  seed  without  decreas- 
ing its  manurial  value,  it  seems  that  true  economy  would  suggest 
that  it  be  extracted  and  this  great  sum  added  to  the  wealth  of  the 
country.     Statistics  show  that  of  the  crop  of  1905,  61.9  per  cent  of 
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,the  quantity  produced  was  crushed  and  about  7  per  cent  was  required 
for  planting,  leaving  31.1  per  cent  unaccounted  for,  which  probably 
was  utilized  by  the  growers  for  fertilizer  in  the  form  of  seed.  The  crop 
of  1905  produced  nearly  6,000,000  tons  of  seed,  and  approximately 
1,800,000  tons  were  applied  to  the  land  as  a  fertilizer.  This  contained 
about  72,000,000  gallons  of  oil,  worth  about  $18,000,000.  Thus  it 
is  seen  that  a  large  portion  of  this  valuable  product  is  being  wasted. 

ATTITUDE  OF  THE  OIL  MILLS  WITH  BEFEEENCE  TO  CBTrSHIHO 

THE  SEED. 

Methods  of  extracting  the  oil  have  been  carefully  worked  out.  The 
oil-mill  industry  has  had  a  phenomenal  growth  within  recent  years. 
Hundreds  of  mills  have  been  constructed  throughout  the  cotton  belt. 
They  have  yielded  handsome  profits,  and  the  mills  would  gladly 
extract  the  oil  from  the  total  supply  of  seed  if  they  could  get  it  from 
the  growers.  Their  profits  have  been  so  great  that  they  can  certainly 
afford  to  make  terms  which  the  growers  can  accept.  They  offer  from 
$9  to  $20  a  ton  for  the  seed,  or  from  900  to  1,500  pounds  of  meal  in 
exchange  for  a  ton  of  seed.  The  terms  vary  according  to  the  time 
of  the  season,  usually  being  lowest  at  the  beginning  and  gradually 
increasing  until  the  close  of  the  season. 

POSITION  OF  OBOWEBS  AS  TO  DISPOSAL  OF  SEED. 

Growers  differ  widely  in  their  opinions  as  to  the  best  disposition  to 
make  of  the  seed.  As  shown  by  the  statistics  previously  quoted, 
many  of  them  accept  the  terms  offered  by  the  mills.  No  doubt  some 
of  them  underestimate  the  value  of  their  seed  and  let  the  mills  have  it 
too  cheap,  while  others  overvalue  it  and  refuse  to  let  the  mills  have  it 
at  all,  when  they  could  do  so  on  profitable  terms.  The  trouble  in 
both  cases  is  that  the  growers  need  more  acciu'ate  information  as  to 
the  relative  fertilizing  value  of  seed.  In  regions  where  artificial  fer- 
tilizers are  necessary  meal  is  usually  substituted  for  seed  when  the 
seed  is  disposed  of,  being  obtained  in  many  cases  in  exchange  for 
seed.  The  growers  can  not  therefore  deal  with  the  mills  intelligently 
without  knowing  the  relative  fertilizing  value  of  seed  and  meal. 
They  need  some  data  to  guide  them  in  deciding  what  terms  they  can 
accept  from  the  mills.  They  need  to  know  how  much  meal  is  approx- 
imately equivalent  in  effect  on  their  crops  to  a  given  quantity  of  seed. 
In  order  that  this  information  may  be  obtained  and  made  available 
for  their  use  the  Department  of  Agriculture  is  conducting  a  series  of 
experiments  in  comparing  seed  with  meal.  These  experiments  are 
being  carried  on  in  connection  with  Mr.  John  C.  Fletcher's  cotton  farm 
at  McColl,  S.  C,  and,  beginning  in  1905,  have  thus  far  extended  over  a 
period  of  two  years. 
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POINTS  GONSIDEBED  IN  TESTING  SEED  IN  COMPARISON  WITH 

MEAL. 

In  this  work  no  attempt  has  been  made  to  solve  any  technical  prob- 
lems. The  object  has  been  to  make  the  test  perfectly  practical. 
Seed  has  been  tested  in  comparison  with  meal  imder  as  nearly  as  pos- 
sible the  same  conditions  that  exist  in  the  practice  of  growers.  Three 
tests  have  been  made.  Forty  bushels  of  seed  to  the  acre  have  been 
tested  in  comparison  with  600  pounds  of  meal,  and  30  and  20  bushels 
have  been  compared  with  corresponding  quantities  of  meal.  The 
quantities  of  seed  tested  are  probably  those  most  commonly  used  by 
growers  in  general  practice.  Acre  plats  were  used,  as  it  was  thought 
that  results  from  them  would  be  more  reliable  than  from  smaller 
plats. 

GHABAGTEB  OF  LAND  USED  FOB  TESTS. 

The  land  selected  for  the  experiments  was  a  dark  sandy  loam  with  a 
clay  subsoil  and  quite  representative  of  a  large  percentage  of  the  cot- 
ton soils  requiring  artificial  fertilizers.  It  is  quite  likely,  however, 
that  if  these  tests  had  been  made  in  the  same  way  on  loose  sandy  or 
other  soils  from  which  the  fertilizers  can  be  readily  leached  out  the 
results  would  have  been  different,  as  much  of  the  meal  would  probably 
have  been  leached  out  without  benefiting  the  crop,  while  the  seed 
would  have  retained  its  fertilizing  constituents  much  better.  How- 
ever, losses  of  this  kind  on  such  soils  can  be  obviated  to  a  very  great 
extent  by  applying  the  readily  soluble  fertilizers  in  small  quantities  at 
intervals  through  the  growing  period.  It  is  regretted  that  the  experi- 
ment could  not  be  duplicated  on  different  types  of  soil. 

BELATIVE  aUANTITIES  OF  SEED  AND  MEAL  TESTED. 

It  was  decided  that  the  necessary  quantities  of  acid  phosphate  and 
kainit  or  potash  to  make  a  properly  balanced  fertilizer  should  be  added 
to  the  seed  in  each  case.  There  was  some  difficulty  in  determin- 
ing how  much  meal  should  be  tested  in  comparison  with  the  various 
quantities  of  seed.  However,  this  was  done  by  estimating  what  quan- 
tity was  necessary  to  make  a  properly  balanced  fertilizer  with  the 
same  amount  of  acid  phosphate  and  kainit  or  potash  that  was 
employed  on  the  corresponding  plats  on  which  whole  cotton  seed  was 
used  as  a  fertilizer. 

LASTING  EFFECT  OF  SEED. 

There  is  a  popular  belief  among  growers  who  advocate  the  use  of 
seed  as  a  fertilizer  that  it  has  a  more  lasting  effect  and  is  more  valuable 
for  the  permanent  improvement  of  the  soil  than  meal.  In  order  to 
determine  whether  or  not  this  theory  is  correct,  the  tests  were  re- 
peated the  second  year,  all  the  plats  being  fertilized  as  they  were  the 
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first  year,  so  that  the  seed  plats  would  have  the  advantage  of  any 
residual  effect  from  the  first  year's  maniu'ing.  As  will  be  seen,  the 
results  so  far  do  not  prove  that  this  theory  is  correct.  However,  to 
make  the  test  more  thorough,  it  is  proposed  to  plant  these  plats  in 
1907  with  no  meal  or  seed,  applying  the  usuaLquantity  of  acid  phos- 
phate and  kainit  or  potash  to  half  of  each  plat  and  leaving  the  re- 
maining half  without  any  fertilizer. 

BELATIYE  AVAILABILITY  OF  PLANT  FOOD  IN  SEED  AND  MEAL. 

There  is  a  difference  in  the  mehanical  condition  and  the  chemi- 
cal composition  of  seed  and  meal,  and  owing  to  these  differences 
a  season  which  is  entirely  suited  to  one  is  not  likely  to  be  very  favor- 
able to  the  other.  The  seeds  are  incased  in  hulls  which  must  decay 
before  the  crop  can  utilize  the  plant  food  in  them,  and  the  kernels 
contain  oil  wliich  is  supposed  to  retard  their  decomposition,  so  that 
considerable  moisture  is  required  to  decompose  the  seed  and  make 
available  the  plant  food.  In  case  of  a  very  dry  season  it  does  not 
become  available  fast  enough  to  supply  the  crop,  and  no  doubt  a 
portion  of  it  fails  to  become  available  until  after  the  crop  has  matured. 
On  the  other  hand,  the  fertilizing  material  in  meal,  being  in  a  finely 
pulverized  condition,  is  more  likely  to  become  available  during  a  dry 
season  than  that  in  seed;  but  when  there  is  excessive  rainfall  it  is 
liable  to  become  available  so  fast  that  the  crop  can  not  utilize  it  and  a 
portion  of  it  will  likely  be  leached  out  and  wasted.  It  seems,  there- 
fore, that  seed  has  an  advantage  over  meal  during  wet  seasons. 
There  was  an  excessive  rainfall  during  the  seasons  of  1905  and  1906, 
but  especially  in  1906,  in  the  vicinity  where  these  tests  were  made. 
This  must  have  favored  the  seed  plats  and  militated  against  the  meal 
plats;  yet  in  spite  of  this  condition,  as  will  be  seen  from  Table  1, 
the  results  of  the  tests  very  strongly  indicated  the  advisability  of 
using  meal  instead  of  seed  as  a  fertilizer. 

Table  1. — Results  of  tests  with  40  bushels  of  whole  cotton  seed  in  comparison  with  600 

pounds  of  cotton-seed  meal. 


Fertilizers  us<?d. 

Yield  in  seed  cotton. 

Field  used  for  test. 

Cotton- 
seed 
meal. 

^^d "    i     P""^- 
^^-     1    phate. 

Muriate 
of  pot- 
ash. 

1905.     ,     1906. 

Average 
for  the 
two  sea- 
sons. 

Plut  1 

Pounds. 
600 

Bushels,  i  Pounds. 
768 

40  [           768 

Pounds. 
50 
50 

Pounds.    Pounds. 
2.059  1       1,396 

1    fi07    '          1   31 A 

Pwnds. 
1,727* 
1,607} 

Plat  2 

Diflerance  in  yield  In  favor 
of  meal 

j 

102  j             78 

120 

!                             1 

In  1904  the  land  used  for  these  tests  was  planted  to  com  and  pro- 
duced about  40  bushels  to  the  acre.  A  heavy  crop  of  pea  vines  was 
also  grown  on  the  land  and  the  vines  were  turned  under  in  the  winter 
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with  a  2-horse  turn  plow.  Later  the  land  was  laid  oflf  and  bedded  out 
eight  furrows  to  the  row  with  a  l-horse  turn  plow.  The  seed  was  applied 
to  plat  2  and  covered  early  in  the  year  to  prevent  germination.  All 
other  fertilizers  for  both  plats,  including  the  meal  for  plat  1,  were 
applied  at  the  time  of  planting.  The  crop  was  cultivated  in  the 
usual  way.  Applications  of  768  pounds  of  acid  phosphate  and  50 
pounds  of  muriate  of  potash  were  made  to  both  the  seed  and  the  meal 
plats. 

In  1905  the  meal  plat  produced  2,059  pounds  of  seed  cotton,  162 
pounds  more  than  the  seed  plat,  and  in  1906  it  produced  1,396  pounds, 
78  pounds  more  than  the  seed  plat,  making  an  average  of  120  pounds 
more  for  the  two  seasons.  To  reduce  this  difference  to  a  money  basis 
it  is  necessary  to  consider  the  relative  market  value  of  the  seed  and 
meal.  At  $16  a  ton,  40  bushels  of  cotton  seed  are  worth  $9.60,  and 
at  $25  a  ton,  600  pounds  of  meal  are  worth  $7.50,  or  $2.10  less  than 
the  seed.  This  amount  added  to  $4.80,  the  value  at  4  cents  a  pound 
of  the  difference  in  the  yields  from  the  two  plats,  gives  $6.90,  the  gross 
difference  in  favor  of  the  meal.  If  75  cents  is  deducted  for  picking 
and  preparing  for  market  this  extra  amount  of  cotton  produced  by 
the  meal,  there  still  remains  $6.15  as  a  net  average  profit  from  the 
meal  plat  more  than  from  the  seed  plat.  It  must  also  be  remembered 
that  the  40  bushels  of  seed  contained  about  25  gallons  of  oil,  worth 
about  $6.50,  and  approximately  25  pounds  of  linters,  worth  at  least 
$1 ;  so  that  by  using  the  seed  as  a  fertilizer  a  quantity  of  two  articles 
of  commerce,  having  a  market  value  of  $7.50,  was  wasted.  Coti- 
sidering  the  relative  market  value  of  meal  and  seed,  the^  increased 
yield  from  the  meal,  and  the  loss  of  oil  and  linters  to  conmaerce, 
there  is  a  difference  in  this  case  of  $13.65  per  acre  in  favor  of  using  600 
pounds  of  meal  instead  of  40  bushels  of  seed. 

Table  2. — Results  of  tests  with  SO  bushels  of  whole  cotton  seed  in  comparison  with  450 

pounds  of  cotton-seed  meal. 


Field  used  for  test. 


Platl. 
Plat  2. 


Difference  in  yield . 


Fertilizers  used. 


Yield  In  seed  cotton. 


^«^°-  I  Cotton 
meal. 


seed. 


Acid 
phos- 
phate. 


Pounds.    Bushels.    Pounds. 

450   676 

!  30  576 


Kainit.  ,     1905. 


igoe. 


Pounds. 
148 

148 


Pounds. 
2,112 
1,809 


303 


Pounds. 
1,343 
1,346 


Average 
for  the 
two  sea- 
sons. 


Pounds. 
1,727* 
1,577$ 


150 


In  1904  the  land  used  for  these  tests  produced  a  crop  of  cotton  of 
more  than  a  bale  an  acre.  In  our  experiment  it  was  prepared  and 
cultivated  in  the  usual  way.  The  seed  was  applied  to  plat  2  early  in 
the  year  and  the  other  fertilizers,  including  the  meal  for  plat  1,  were 
applied  at  planting  time.     An  application  of  576  pounds  of  acid  phos- 
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phate  and  148  poxinds  of  kainit  was  made  to  each  plat.  In  1905  the 
meal  plat  produced  2,112  pounds  of  seed  cotton,  303  pounds  more 
than  the  seed  plat,  and  in  1906  it  produced  1,343  pounds,  3  pounds 
less  than  the  seed  plat.  In  the  average  production  of  the  two  years 
there  is  a  difference  of  150  pounds  in  favor  of  the  meal. 

The  30  bushels  of  seed  at  $16  a  ton  were  worth  $7.20,  and  at  $25  a 
ton  the  450  pounds  of  meal  were  worth  $5.62,  or  $1 .58  less  than  the  seed. 

This  amount,  added  to  $6,  the  value  at  4  cents  a  pound  of  the  dif- 
ference in  the  yields  from  the  two  plats,  gives  $7.58,  the  gros^  differ- 
ence in  favor  of  the  meal.  If  $1  is  deducted  for  picking  and  preparing 
for  the  market  the  extra  quantity  of  cotton  produced  by  the  meal, 
there  is  left  $6.58  as  the  net  average  profit  from  the  meal  plat  over  the 
seed  plat.  The  oil  contained  in  the  30  bushels  of  seed  was  worth  about 
$4.85  and  the  linters  about  75  cents,  making  approximately  $5.60 
worth  of  these  products  which  was  wasted.  Jn  this  test,  therefore, 
there  was  a  difference  of  $12.18  in  favor  of  using  450  poimds  of  meal 
per  acre  instead  of  30  bushels  of  seed. 

Table  3. — Results  of  tests  with  20  bushels  of  whole  cotton  seed  in  compcarison  with  SOO 

pounds  of  cotton-seed  meal. 


Fertilizers  used. 

Yield  In  seed  cotton. 

Field  used  for  test. 

Cotton- 
seed 
meal. 

Pounds. 
300 

Cotton 
seed. 

Acid 
phos- 
phate. 

Muriate 
of  pot- 
ash. 

1905. 

1906. 

Av6ii0e 
for  the 
twoseft- 

80I1S. 

Plat  1 

Bushels.    Pounds. 
384 

Pounds. 
25 
25 

Pounds. 
1,742 
1,615 

Pounds. 
1,133 
1,084 

Pounds. 

Plat  2 

20  :           384 

Difference  in  yield  in  favor 
of  meal? 

1     .    1   .. 

127 

40 

88 

i          1          1 

The  land  used  for  these  tests  is  the  same  kind  that  was  used  in  test- 
ing 40  bushels  of  seed  in  comparison  with  600  pounds  of  meal.  It 
produced  the  same  crops  in  1904  and  was  prepared  in  the  same  way  for 
the  crop  of  1905.  As  usual,  the  seed  was  applied  early  in  the  season, 
and  the  other  fertilizers  at  planting  time.  An  application  of  384 
pounds  of  acid  phosphate  and  25  pounds  of  muriate  of  potash  was 
made  to  each  plat.  In  1905  the  meal  plat  produced  1,742  poimds  of 
seed  cotton,  127  pounds  more  than  the  seed  plat,  and  in  1906  it 
yielded  1,615  poimds,  49  pounds  more  than  the  seed  plat,  maUng  an 
average  of  88  pounds  more  for  the  two  years.  The  20  bushels  of  seed 
at  $16  per  ton  were  worth  $4.80,  and  at  $25  per  ton  the  300  pounds  of 
meal  were  worth  $3.75,  or  $1.05  less  than  the  seed.  This,  added  to 
$3.52,  the  value  at  4  cents  a  pound  of  the  difference  in  the  yields  from 
the  two  plats,  makes  $4.57,  the  gross  difference  which  was  realized  in 
favor  of  the  meal.  Taking  57  cents  from  this  amount  for  the  cost  of 
picking  and  preparing  for  market  the  extra  cotton  produced  by  the 
meal,  we  have  $4  as  the  net  average  profit  from  the  meal  plat  over  the 
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CONGLTISIONS  DBAWN  FBOM  BESULXS  OF  EXPERIMENTS. 

As  previously  stated,  the  object  of  this  experiment  was  to  secure 
data  which  will  enable  the  growers  to  estimate  how  much  meal  is 
approximately  equivalent  to  a  given  quantity  of  seed  in  its  effect  on 
their  crop,  and  which  will  guide  them  in  determining  what  terms  they 
can  accept  from  the  mills.  Of  course,  it  is  impossible  to  determine 
what  quantity  of  meal  will  always  be  exactly  equivalent  in  effect  to  a 
given  quantity  of  seed,  as  the  relative  effect  will  vary  with  the  seasons, 
some  seasons  favoring  the  meal  more  than  the  seed,  and  vice  versa. 
It  is  believed  that  the  seasons  of  1905  and  1906,  but  especially  that  of 
1906,  were  more  favorable  to  the  seed  than  to  the  meal  in  the  vicinity 
of  the  experiment,  yet  the  meal  plats  produced  considerably  more 
cotton. 

However,  the  difference  between  the  yields  from  the  corresponding 
seed  and  meal  plats  was  much  less  in  1906  than  in  1905.  This  is 
attributed  to  the  heavy  rainfall  of  1906,  which  was  probably  less 
favorable  to  the  meal  than  to  the  seed.  In  these  tests  1,000  pounds  of 
meal  were  used  in  comparison  with  1  ton  of  seed,  and  it  is  evident  from 
the  results  that  less  meal  would  have  yielded  as  much  as  the  seed.  It 
is  believed,  therefore,  that  these  results  amply  justify  the  assumption 
that  900  pounds  of  meal  is  at  least  equivalent  to  a  ton  of  seed  in  effect 
on  the  crop ;  that  is,  on  such  land  as  was  used  for  this  experiment.  ^ 

PBOFIT  TO  OBOWEBS  B7  DISPOSIKG  OF  SEED. 

Statistics  show  that  the  average  cash  price  which  the  mills  paid  for 
seed  in  1905  was  $15.51  per  ton,  while  they  sold  the  meal  for  $20.35 
per  ton.  At  these  prices  the  receipts  from  a  ton  of  seed  would  pur- 
chase 1,524  poimds  of  meal.  Assuming  that  900  poimds  of  this  is 
equivalent  in  fertilizing  value  to  1  ton  of  seed,  the  grower  who  thus 
disposes  of  his  seed  gets  624  poimds  of  meal,  worth  $6.95,  more  than 
his  seed  is  worth  to  him  per  ton.  This  is  figured  on  a  basis  of  the 
actual  market  value  of  the  extra  meal  obtained,  but  the  results  of  our 
experiments  clearly  indicate  that  if  1,524  pounds  of  meal,  properly 
balanced  by  the  necessary  amount  of  acid  phosphate  and  some  form  of 
potash,  are  used  as  a  fertilizer  in  comparison  with  a  ton  of  seed  to 
which  the  necessary  acid  phosphate  and  potash  have  been  added, 
the  difference  in  the  resulting  profit  would  certainly  be  very  much 
greater  than  the  market  value  of  this  extra  meal,  for  with  this  extra 
meal  the  growers  are  enabled  at  very  little  extra  expense  to  fertilize 
their  crops  much  more  liberally  than  if  they  kept  the  seed,  as  the  acid 
phosphate  and  kainit  necessary  to  properly  balance  it  can  be  pur- 
chased comparatively  cheap,  and  a  liberal  use  of  fertilizers  almost 
invariably  assures  a  greater  yield  and  a  very  much  greater  profit. 
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It  is  very  evident  that  the  growers  can  profitably  accept  the  average 
terms  oflFered  by  the  mills.  Yet  many  farmers  are  refusing  to  do  so, 
and  thereby  sustain  a  heavy  loss  themselves  and  waste  large  quan- 
tities of  oil  and  linters,  which  should  be  turned  to  profitable  uses  and 
increase  the  wealth  of  the  country.  The  mills  have  made  large 
profits,  and  they  should  be  required  to  pay  for  the  seed  in  proportion 
to  the  amoimt  of  their  profits.  The  growers  should  get  a  reasonable 
portion  of  the  increased  value  of  the  seed,  and  should  never  dispose  of 
it  without  getting  the  equivalent  of  its  fertilizing  value  plus  the  cost 
of  hauling  it  and  a  reasonable  profit  on  the  transaction,  which  should 
be  proportionate  to  the  market  value  of  the  mill  products.  The  cost 
of  hauling  varies  according  to  local  conditions,  but,  as  a  rule,  this  will 
not  be  so  great  that  it  will  be  unprofitable  for  growers  to  dispose  of 
their  seed  on  terms  by  which  they  realize  the  equivalent  of  1,200 
pounds  of  meal  per  ton  of  seed.  This,  however,  is  believed  to  be 
about  the  minimum  offer  which  they  should  accept. 

Owing  to  the  increasing  value  of  oil-mill  products  the  mills  will 
no  doubt  be  able  to  make  more  favorable  terms  in  the  future,  or  at 
least  will  continue  to  make  acceptable  terms  to  the  growers  for  their 
seed.  It  is  hoped  that  those  growers  who  imderestimate  the  value 
of  seed  and  dispose  of  it  without  a  profit  will  cease  to  do  this  and 
will  hold  it  for  profitable  terms,  and  that  those  who  are  refusing 
profitable  terms  will  see  the  wisdom  of  accepting  them,  not  only 
because  of  the  benefits  which  they  will  realize  personally,  but  also 
because  of  the  immense  quantity  of  valuable  products  which  will  be 
added  to  the  wealth  of  the  country  by  so  doing,  which  now  are 
being  wasted  under  their  present  practice  of  using  the  whole  seed  as 
a  fertiUzer. 

PBESEBVATION  OF  SEED. 

There  is  great  necessity  for  more  attention  to  the  proper  storing 
and  preservation  of  cotton  seed,  as  the  value  of  the  oil  depends  upon 
the  condition  of  the  seed  when  it  reaches  the  mill. 

Evidently  the  products  manufactured  from  the  seed  would  be  more 
useful  and  more  valuable  if  the  seed  was  kept  in  good  condition. 
Seed  is  very  easily  damaged,  especially  while  green,  if  stored  in  large 
bulks.  Large  quantities  of  it  reach  the  mills  in  very  badly  damaged 
condition,  thereby  causing  a  great  reduction  in  the  value  of  the  prod- 
ucts. If  the  necessary  storage  room  is  available,  it  is  very  desirable 
to  spread  the  seed  in  thin  layers  over  as  large  a  surface  as  possible, 
so  as  to  keep  it  from  heating.  There  is  a  common  practice  among 
growers  intending  to  use  their  seed  for  fertilizing  purposes  to  pile  it 
out  in  the  field  (fig.  2)  as  the  cotton  is  ginned  and  allow  it  to  take  the 
winter^s  rains.  It  becomes  very  hot  in  these  piles  and  is  ruined  for 
oil-mill  purposes.     While  it  is  intended  that  seed  handled  in  this 
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way  is  to  be  used  as  a  fertilizer,  still  conditions  might  arise 
would  make  it  desirable  to  let  the  mills  have  it.  This  could  : 
done  after  such  treatment.  It  is,  therefore,  preferable  to  ke^ 
seed  in  such  condition  that  any  disposition  can  be  made  of  i 
seems  best  at  any  time  during  the  season.  It  is  also  quite 
that  seed  kept  in  this  way  is  damaged  to  some  extent  for  fert 


Fig.  2.— Pile  of  cotton  seed  retained  for  fertilizer.    (Such  piles  are  commonly  seen  in  the  1 


purposes.     So  it  is  evident  that  this  practice  should  be  discont 
and  that  greater  care  should  be  used  in  the  preservation  of  the 

o  Since  this  paper  was  prepared  there  has  been  published  Bulletin  75  of  the 
Experiment  Station,  in  which  are  reported  results  of  experiments  in  the  use  of  * 
Meal  vs.  Cotton  Seed  as  a  Fertilizer"  for  cotton.  The  experiments  cover  a  p 
two  years — 1905  and  1906 — and  the  results  obtained  agree  with  those  reporte< 
Boykin's  paper.  The  conclusion  reached  is  that  it  is  generally  a  very  unwi 
tice  to  use  cotton  seed  directly  as  a  fertilizer  or  as  an  ingredient  of  "a  ferti 
H.  J.  Webber. 

2S6 


FARMERS'  BTTUliETINS. 


The  following  is  a  list  of  the  Farmers'  Bulletins  available  for  distribution,  showing 
the  number,  title,  and  size  in  pa^s  of  each.  Copies  will  be  sent  free  to  any  address 
in  the  United  States  on  application  to  a  Senator,  Kepresentative,  or  Delegate  in  Con- 
gress, or  to  the  Secretary  of  Agriculture,  Washington,  D.  C.  Numbers  omitted  have 
been  discontinued,  being  superseded  by  later  bulletins. 


22. 

^. 

25. 

27. 

28. 

29. 

80. 

32. 

38. 

34. 

85. 

86. 

89. 

42. 

44. 

46. 

47. 

48. 

49. 

51. 

62. 

54. 

65. 

66. 

66. 

69. 

60. 

61. 

62. 

68. 

64. 

65. 

66. 

68. 

69. 

70. 

71. 

72. 

73. 

74. 

77. 

78. 

79. 

80. 

81. 

82. 

83. 

84. 

85. 

86. 

87. 

88. 

91. 

92. 

93. 

95. 

96. 

97. 

98. 

99. 
100. 
101. 
102. 
103. 
104. 
105. 
106. 
107. 
108. 
109. 
110. 
111. 
112. 
113. 
114. 


The  Feeding  of  Farm  Animals.    Pp.  40. 

Hog  Cholera  and  Swine  Plague.    Pp.  16. 

Peanuts:  Culture  and  Uses.    Pp.  24. 

Flax  for  Seed  and  Fiber.    Pp.  16. 

Weeds  and  How  to  Kill  Them.    Pp.  30. 

Souring  and  Other  Changes  in  Milt.    Pp.  22. 

Qrape  Diseases  on  the  Pacific  Coast.    Pp.  16. 

Silos  and  Silage.    Pp.  30. 

Peach  Growing  for  Market.    Pp.  24. 

Meats:  Composition  and  Cooking.    Pp.  61. 

Potato  Culture.    Pp.  24. 

Cotton  Seed  and  Its  Products.    Pp.  16. 

Onion  Culture.    Pp.  30. 

Facts  About  Milk.    Pp.  32. 

Commercial  Fertilizers.    Pp.  38. 

Irrigation  in  Humid  Climates.    Pp.  27. 

Insects  Affecting  the  Cotton  Plant.    Pp.  32. 

The  Manuring  of  Cotton.    Pp.  16. 

Sheep  Feeding.    Pp.  24. 

Standard  Varieties  of  Chickens.    Pp.  48. 

The  Siigar  Beet.    Pp.  48. 

Some  Common  Birds.    Pp.  48. 

The  Dairy  Herd.    Pp.  30. 

Experiment  Station  Work— I.    Pp.  3Q. 

The  Soy  Bean  as  a  Forage  Crop.    Pp.  24. 

Bee  Keeping.    Pp.  48. 

Methods  of  Curing  Tobacco.    Pp.  24. 

Asparagus  Culture.    Pp.  40. 

Marketing  Farm  Produce.    Pp.  31. 

Care  of  Milk  on  the  Farm.    Pp.  40. 

Ducks  and  Oeese.    Pp.  55. 

Experiment  Station  Work— II.    Pp.  32. 

Meadows  and  Pastures.    Pp.  30. 

The  Black  Rot  of  the  Cabbaee.    Pp.  22. 

Experiment  Station  Work— III.    Pj).  32. 

Insect  Enemies  of  the  Grape.    Pp.  23. 

Essentials  in  Beef  Production.    Pp.  24. 

Cattle  Ranges  of  the  Southwest.    Pp.  32. 

Experiment  Station  Work— IV.    Pp.  32. 

Milk  as  Food.    Pp.  39. 

The  Liming  of  Soils.    Pp.24. 

Experiment  Station  Work— V.    Pp.  32. 

Experiment  Station  Work— VI.    Pp.  27. 

The  Peach  Twig-borer.    Pp.  16. 

Com  Culture  in  the  South.    Pp.  24. 

The  Culture  of  Tobacco.    Pp.  22. 

Tobacco  Soils.     Pp.  23. 

Experiment  Station  Work— VII.    Pp.  32. 

Pisn  as  Food.    Pp.  32. 

Thirty  Poisonous  Plants.    Pp.  32. 

Experiment  Station  Work— VIII.    Pp.  32. 

Alkali  Lands.    Pp.  23. 

Potato  Diseases  and  Treatment.    Pp.  15. 

Experiment  Station  Work— IX.    Pp.  30. 

Sugar  as  Food.    Pp.  31. 

Good  Roads  for  Farmers.    Pp.  46.     . 

Raising  Sheep  for  Mutton.    Pp.  48. 

Experiment  Station  Work— X.    Pp.  32.     • 

Suggestions  to  Southern  Farmers.    Pp.  48. 

Insect  Enemies  of  Shade  Trees.    Pp.  30. 

Hog  Raising  in  the  South.    Pp.  40. 

Millets.     FT).  30. 

Southern  Forage  Plants.    Pp.  48. 

Experiment  Station  Work— XI.    Pp.  30. 

Notes  on  Frost.    Pp.  24. 

Experiment  Station  Work- XJI.    Pp.  32. 

Breeds  of  Dairy  Cattle.    Pp.  48. 

Experiment  Station  Wotk— XIII.    Pp.  32. 

Saltbushes.     Pp.  20. 

Farmers'  Reading  Courses.    Pp.  20. 

Rice  Culture  in  the  United  States.    Pp.  28. 

Farmer's  Interest  in  Good  Seed.    Pp.  24. 

Bread  and  Bread  Making.    Pp.  40. 

The  Apple  and  How  to  Grow  It.    Pp.  32. 

Experiment  Station  Work— XIV.    Pp.  28. 


115. 
116. 
118. 
119. 
120. 
121. 

122. 
124. 
126. 

126. 

127. 
128. 
129. 
181. 

132. 
133. 
134. 

135. 
136. 
137. 
138. 
139. 

140. 
142. 

143. 

144. 
145. 
146. 
147. 
149. 
150. 
151. 
152. 
153. 

154. 

155. 

156. 
157. 
158. 

159. 
161. 

162. 
164. 
165. 
166. 
167. 
168. 
169. 
170. 
172. 

178. 
174. 
175. 

176. 
177. 
178. 

179. 
181. 
182. 


Hop  Culture  in  California.    Pp.  28. 
Irrigation  in  Fruit  Growing.    Pp.  48. 
Grape  Growing  in  the  South.    Pp.  32. 
Experiment  Station  Work— XV.    Pp.  30. 
Insects  Affecting  Tobacco.    Pp.  32. 
Beans,  Peas,  and  other  Legumes  as  Food. 

Pp.  38. 
Experiment  Station  Work-^XVI.    Pp.  32. 
Experiment  Station  Work— XVII.    I^p.  32. 
Protection  of  Food  Products  from  Injurious 

Temperatures.    Pp.  24. 
Practical  Suggestions  for  Farm  Buildings. 

Pp.48. 
Important  Insecticides.    Pp.  46. 
Eggs  and  Their  Uses  as  Food.    Pp.  40. 
Sweet  Potatoes.    Pp.  40. 
Household  Tests  for  Detection  of  Oleomar- 
garine and  Renovated  Butter.    Pp.  10. 
Insect  Enemies  of  Growing  Wheat.    Pp.  88. 
Experiment  Station  Work— XVIII.    Pp.  32. 
Tree  Planting  In  Rural  School  Grounds.    Pp. 

32. 
Sorghum  Sirup  Manufacture.    Pp.  40. 
Earth  Roads.    Pp.  24. 
The  Angora  Goat.    Pp.  48. 
Irrigation  in  Field  and  Garden.    Pp.  40. 
Emmer:  A  Grain  for  the  Semiarid  Regions. 

Pp.16. 
Pineapple  Growing.    Pp.  48. 
Principles  of  Nutrition  and  Nutritive  Value 

of  Food.    Pp.  48. 
Conformation  of    Beef   and    Dairy  Cattle. 

Pp.44. 
Experiment  Station  Work— XIX.    Pp.  32. 
Carbon  Bisulphid  as  an  Insecticide.    Pp.  28. 
Insecticides  and  Fungricides.    Pp.  16. 
Winter  Forage  Crops  for  the  South.    Pp.  40. 
Experiment  Station  Work— XX.    Pp.  82. 
Clearing  New  Land.    Pp.  24. 
Dairying  in  the  South.    Pp.  48. 
Scabies  In  Cattle.    Pp.  32.      , 
Orchard  Enemies  in  the  Pacific  Northwest. 

Pp.39. 
The  Home  Fruit  Garden:  Preparation  and 

Care.    Pp.  16. 
How  Insects  Affect  Health  in  Rural  District**. 

Pp.  19. 
The  Home  Vineyard.    Pp.  22. 
The  Propagation  of  Plants.    Pp.  24. 
How  to  Build  Small  Irrigation  Ditches.    Pp. 

28. 
Scab  in  Sheep.    Pp.  48. 
Practical    Suggestions   for   Fruit   Growers. 

Pp.30. 
Experiment  Station  Work— XXI.    Pp.  32. 
Rape  as  a  Forage  Crop.    Pp.  16. 
Silkworm  Culture.    Pp.  32. 
Cheese  Making  on  the  Farm.    Pp.  IG. 
Cassava.    Pp.  32. 
Peari  Millet.    Pp.16. 

Experiment  Station  Work— XXII.    Pp.  32. 
Principles  of  Horse  Feeding. .  Pp.  44. 
Scale  Insects  and   Mites  on  Citrus  Trees. 

Pp.  43. 
Primer  of  Forestry.    Pp.  48. 
Broom  Corn.    Pp.  30. 
Home  Manufacture  and  Use  of  Unfermented 

Grape  Juice.    Pp.  16. 
Cranberry  Culture.    Pp.  20. 
Squab  Raising.    Pp.  32. 
Insects  Injurious  in  Cranberry  Culture.    Pp. 

32. 
Horseshoeing.    Pp.  30. 
Pruning.    Pp.  39. 
Poultry  as  Food.    Pp.  40. 


(0 


n 


II 


Pp.32. 
Pp.32. 


for 


183.  Meat  on  the  Farm:  Butchcringr,  Curing,  and 

Keeping.    Pp.  37. 

184.  Marketing  Live  Stock.    Pp.  40. 

186.  Beautifying  the  Home  Grounds.    Pp.  24. 

186.  Experiment  Station  Work— XXIII.    Pp.  32. 

187.  Drainage  of  Farm  Lands.    Pp.  38. 

188.  Weeds  used  in  Medicine.    Pp.  45. 
190.  Experiment  Station  Work— XXIV. 

192.  Bamyiurd  Manure.    Pp.  32. 

193.  Experiment  Station  Work— XXV. 

194.  AlfelfaSeed.    Pp.14. 

195.  Annual  Flowering  Plants.    Pp.  48. 

196.  Usefulness  of  the  American  Toad.    Pp.  16. 

197.  Importation  of  Game  Birds  and  ~ 

Propagation.    Pp.  30. 

198.  Strawberries.    Pp.  24. 

199.  Corn  Growing.    Pp.  32, 

200.  Turkeys.    Pp.  40. 

201.  Cream  Separator  on  Western  Farms.    Pp.  28. 

202.  Experiment  Station  Work— XXVI.    Pp.  82. 

203.  Canned  FrultH,  Preserves,  and  Jellies.    Pp.32. 

204.  The  Cultivation  of  Mushrooms.    Pp.  24. 
206.  Pig  Management.    Pp.  40. 

206.  Milk  Fever  and  Its  Treatment.    Pp.  16. 
206.  Varieties  of  Fruits  Recommended  for  Plant- 
ing.   Pp.  48. 

209.  Controlling  the  Boll  Weevil  in  Cotton  Seed 

and  at  Ginneries.    Pp.  32. 

210.  Experiment  Station  Work— XXVU.    Pp.  82. 

211.  The  Use  of  Paris  Green  in  Controlling  the 

Cotton  Boll  Weevil.    Pp.  28. 
213.  'Raspberries.    Pp.  38. 

215.  Alfalfa  Growing.    Pp.  40. 

216.  The  Control  of  the  Boll  Weevil.    Pp.  32. 

217.  Essential  Steps  in  Securing  an  Early  Crop  of 

Cotton,    f^.  16. 

218.  The  School  Garden.    Pp.  40. 

219.  Lessons  from  the  Grain  Rust  Epidemic  of 

1904.    Pp.24. 

220.  Tomatoes.    Pp.  32. 

221.  Fungous  Diseases  of  the  Cranberry.    Pp.  16. 

222.  Experiment  Station  Work— XXVIII.    Pp.82. 

223.  Miscellaneous  Cotton  Insects  in  Texas.    Pp. 

24. 

224.  Canadian  Field  Peas.    Pp.  16. 

225.  Experiment  Staticm  Work— XXIX.    Pp.  32. 

226.  Relation  of  Coyotes  to  Stock  Raising  in  the 

West.    Pp.  24. 

227.  Experiment  Station  Work- XXX.    Pp.  32. 

228.  Forest   Planting   and    Farm    Management. 

Pp.  22. 

229.  The  Production  of  Good  Seed  Corn.    Pp.  24. 

231.  Spraying  for  Cucumber  and  Melon  Diseases. 

Pp.  24. 

232.  Okra:  Its  Culture  and  Uses.    Pp.  16. 

233.  Experiment  Station  Work— X XXI.    Pp.  32. 
284.  The  Guinea  Fowl.    Pp.  24. 

235.  Preparation  of  Cement  Concrete.    Pp.  32. 

236.  Incubation  and  Incubators.    Pp.  32. 

237.  Experiment  Station  Work— XXXII.     Pp.32. 

238.  Citrus  Fruit  Growing   in    the  Gulf  States. 

Pp.  48. 

239.  The  Corrosion  of  Fence  Wire.    Pp.  32. 

240.  Inoculation  of  Legumes.    Pp.  8. 

241 .  Butter  Making  on  the  Farm.    Pp.  32. 

242.  An  Example  of  Model  Farming.    Pp.  16. 

243.  Fungicides  and  their  Use  in  Preventing  Dis- 

eases of  Fruits.    Pp.  32. 

244.  ExperimentStation Work— XXXIII.    Pp.82. 


Renovation  of  Wom-ont  Soils.    Pp, 
Saccharine  Sorghums  for  Forage. 
The  Control  of  the  Codling  Moth  a 

Scab.    Pp.21. 
The  Lawn.    Pp.  20. 
Cereal  Breakfast  Foods.    Pp.  36. 
The  Prevention  of  Wheat  Smut  a 

Smut  of  Oats.    Pp.  16. 
Experiment  Station  Work— XXXI^ 
Maple  Sugar  and  Sirup.    Pp.  96. 
The  Genmnation  of  Seed  Com.    P] 
CucumbetB.    Pp.  80. 
The  Home  Vegetable  Garden.    Pp. 
Preparation  of  Vegetables  for  tl 

Pp.48. 
Soil  Fertility.    Pp.39. 
Texas  or  Tick   Fever  and  Its  Pr 

Pp.46. 
Experiment  Station  Work— XXXV 
Seed  of  Red  Clover  and  Its  Impuri 

24. 
The  Cattle  Tick.    Pp.22. 
Experiment  Station  Work— XXXV 
Practical  Information  for  Beginne 

gation.    Pp.  40. 
The  Brown-tail  Moth  and  How  to  C 

Pp.22. 
Game  Laws  for  1906.    Pp.  64. 
Management  of  Soils  to  Oonsenre 


245. 
246. 
247. 

248. 
1M9. 
260. 

251. 
252. 
253. 
254. 
255. 
256. 

257. 
258. 

269. 
260. 

261. 
262. 
263. 

264. 

265. 
266. 


267.  Exneriment  Station  Work— XXX 

268.  Industrial  Alcohol:  Sooroei  and 

ture.    Pp.  45. 

269.  Industrial  Alcohol:  Uses  and  Statu 

29. 

270.  Modem  Conveniences  for  the  Far 

Pp.  48. 

271.  Foiage  Crop  Practices  in  Westen 

and  Westem  Washington.    Pp.  S 

272.  A  Successful  Hog  and  Seed-Com  Fi 

16. 

273.  Exneriment  Station  Work— XXXA 

274.  Flax  Culture.    Pp.  36. 

276.  The  Gipsy   Moth  and  How    to  C 
Pp.22. 

276.  Experiment  Station  Work— XXXn 

277.  The  Use  of  Alcohol  and  Gasoline 

Engines.    Pp.  40. 

278.  Leguminous  Crops  for  Green  Mann: 

27. 

279.  A  M  ethod  of  Eradicating  Johnson  G 

16. 

280.  A  Profitable  Tenant  Dairy  Fann.    I 

281.  Exneriment  Station  Work— XL.    I 

282.  Celery.    Pp.  86. 

283.  Spraying  for  Apple  Diseases  and  th 

Moth  In  the  Ozarks.    Pp.  42. 

284.  Insect  and  Fungous  Enemies  of  1 

East  of  the  Rocky  Mountains.    £ 

285.  The  Advantage  of  Planting  Hea\ 

Seed.    Pp.  16. 

286.  Comparative  Value  of  Whole  Cc 

and  Cotton-Seed  Meal  in  Fertlli 
ton.    Pp.  14. 

287.  Poultry  Management.    (In  press.) 

288.  Nonsaccbarine  Sorghums.    Pp.  28. 

289.  Beans.    Pp.  28. 


o 


■'^If 


IflMied  Jane  29, 1907. 


U.  S.  DEPARTMENT   OF  AGRICULTURE. 


FARMERS'   BULLETIN  287. 


POULTRY  MANAGEMENT. 


BY 


G.  ARTHUR   BELL, 

Assistant  Anitnal  Husfyandtnan  ^  Bureau  of  Anifnal  Industry, 


WASHINGTON: 

GOVERNMENT   PRINTING  OFFICE. 

1907. 


LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  or  Animal  Industry, 
Washington^  D.  (7.,  March  11^ 
Sir  :  I  have  the  honor  to  transmit  herewith,  and  to  recomm 
publication  as  a  Farmers'  Bulletin,  a  paper  on  Poultry  Mana^ 
prepared  by  G.  Arthur  Bell,  Assistant  Animal  Husbandman 
Bureau,  being  a  condensation  of  an  article  written  for  the  T 
second  Annual  Report  of  the  Bureau.  The  paper  is  confined  < 
to  the  chicken  industry,  as  it  was  found  that  to  treat  thorouj 
phases  of  poultry  raising  would  make  a  bulletin  of  undue 
and,  furthermore,  turkeys,  ducks,  geese,  guinea  fowls,  ei 
covered  in  a  satisfactory  manner  by  other  publications  of  the  ] 
ment. 

The  bulletin  has  been  prepared  from  the  practical  standpoi 
technicalities  have  been  avoided  as  much  as  possible.  In  all  i 
the  effort  has  been  made  to  bring  the  discussion  of  methc 
appliances  down  to  date,  including  such  subjects  as  dry  \ 
curtain-front  houses,  colony  houses,  etc.  The  author  has  ha 
I :i  tical  experience  in  the  poultry  business  since  early  boyhood  as  1 

exhibitor,  and  judge,  and  during  the  past  two  years  he  has 
many  successful  poultry  farms  in  the  East.  The  methods  i 
some  of  these  farms  are  described,  and  some  of  the  houses  anc 
ances  are  illustrated. 

Acknowledgments  are  made  to  Prof.  J.  E.  Rice,  of  the 
University  Experiment  Station;  Mr.  F.  H.  Stoneburn,  Wai 
N.  Y.;  Prof.  G.  M.  Gowell,  of  the  Maine  Agricultural  Exp 
Station,  and  Prof.  W.  P.  Brooks,  of  the  Massachusetts  ( 
Experiment  Station,  for  information  and  courtesies.  The 
press  has  also  been  very  courteous,  and  the  cooperation  ol 
successful  poultry  raisers  throughout  the  country  has  been  c 
value.  Mr.  Rob  R.  Slocum,  Poultry  Assistant  in  the  Animi 
bandry  Office  of  this  Bureau,  who  entered  the  service  after  \ 
\  the  work  on  the  original  article  was  completed,  has  assisted  i 

in  preparing  the  section  on  poultry  diseases. 
i-,  This  bulletin  will  supersede  Farmers'  Bulletin  41  ("Fowl 

X  and  Feeding  ")  and  141  ("  Poultry  Raising  on  the  Farm  "). 

X'  Respectfully, 

A.  D.  Melvin, 
Chief  of  Bv 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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POULTRY  MANAGEMENT. 


KAKnrO  A  STABT  WITH  POTJLTBY. 

The  safest  way  for  those  who  are  about  to  make  their  first  attempt 
at  poultry  raising  is  to  start  in  a  small  way  with  a  few  fowls,  and 
leam  the  business  thoroughly  before  making  large  investments.  Mis- 
takes will  be  made  and  many  difficult  problems  will  be  presented  for 
solution  before  success  in  any  large  measure  will  be  attained.  As 
soon  as  it  is  found  to  be  a  paying  investment,  more  capital  may  be  put 
into  the  plant. 

Another  good  plan  for  the  beginner  who  wishes  to  leam  the  art  of 
poultry  keeping  is  to  secure  a  position  with  some  successful  poultry- 
man.  One  or  two  years  of  work  on  a  large,  practical  plant  will  be 
found  a  great  help,  as  the  methods  of  caring  for  the  birds  and  of 
marketing  the  products  can  thus  be  learned  better  than  in  almost 
any  other  way. 

The  question  is  often  asked  as  to  what  is  the  best  time  of  the  year 
for  one  to  begin.  When  to  begin  is  not  very  important,  but  the  fall 
of  the  year  is  a  good  time,  for  then  stock  can  be  purchased  for  less 
money  than  at  any  other  season.  It  is  also  advisable  that  the  fowls  be 
moved  to  their  new  quarters  before  they  begin  to  lay. 

If  the  beginner  has  had  experience  in  poultry  keeping,  it  will  be  all 
right  to  purchase  eggs,  otherwise  he  should  begin  with  the  fowls  and 
thus  gain  some  knowledge  of  caring  for  poultry  before  attempting  to 
raise  chickens. 

CLASSinCATION. 

For  convenience,  chickens  may  be  classified  as  egg  breeds,  meat 
breeds,  general-purpose  breeds,  and  fancy  or  ornamental  breeds. 

EGG  BREEDS. 

The  egg  breeds  include  the  small  or  medium-sized  fowls  which  are 
very  active,  quick  to  mature,  producers  of  white-shelled  eggs,  usually 
nonsitters  or  at  best  but  poor  sitters,  and  rather  poor  mothers.  The 
various  varieties  of  Leghorns  and  Minorcas  are  good  representatives 
of  this  class.  Because  they  are  poor  sitters  some  other  breed,  or  at 
least  a  few  other  fowls,  should  be  kept  if  natural  methods  of  incuba- 
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tion  are  to  be  employed.  On  account  of  their  early  maturity  it  is  not 
uncommon  for  individuals  to  begin  laying  at  the  age  of  four  and  one- 
half  months.  As  mentioned  above,  these  breeds  are  very  active  and 
do  not  fatten  as  readily  under  ordinary  conditions  as  the  larger  and 
less  active  breeds.  The  fowls  of  this  class  have  large  combs  and 
wattles,  which  make  them  rather  sensitive  to  low  temperatures. 

MEAT  BBEEDS. 

The  largest  fowls  are  represented  in  this  class,  and  these  breeds  are 
especially  suitable  for  the  production  of  large  roasters.  They  are 
slow  and  somewhat  sluggish  in  movement,  with  little  desire  for 
foraging,  easily  confined  by  low  fences,  rather  slow  to  mature,  per- 
sistent sitters,  and  rather  indifferent  layers  of  large  brown-shelled 
eggs.  Many  poultrymen,  however,  are  getting  very  good  egg  yields 
from  them.  The  Brahmas,  Cochins,  and  Langshans  may  be  men- 
tioned as  belonging  to  this  class. 

GENEBAIi-PUBPOSE  BBEEDS. 

This  class  includes  fowls  which  are  of  fair  size  and  which  will  also 
produce  a  good  quantity  of  brown-shelled  eggs,  making  them  espe- 
cially adapted  to  the  person  wishing  a  supply  of  both  eggs  and  meat. 
As  one  has  to  make  frequent  sales  of  flesh  in  the  shape  of  surplus 
cockerels  and  hens,  the  carcass  as  well  as  egg  production  should  be 
considered.  The  general-purpose  breeds  are  usually  good  sitters  and 
good  mothers.  They  have  medium-sized  combs  and  wattles  and 
endure  cold  weather  well.  They  occupy  a  medium  position  between 
the  egg  and  meat  breeds  as  to  size,  egg  production,  and  docility. 
The  Plymouth  Rocks,  Wyandottes,  Orpingtons,  and  Bhode  Island 
Reds  are  good  representatives  of  this  class. 

OBNAMENTAIi  BBEEDS. 

As  a  rule  the  breeds  in  this  class  are  not  so  well  adapted  for  farm 
purposes  as  are  the  breeds  of  the  other  three  classes.  The  Polish, 
Exhibition  Games,  Silkies,  Sultans,  Frizzles,  and  Bantams  are  repre- 
sentative ornamental  breeds. 

A  full  description  of  the  various  varieties  of  fowls  is  given  in 
Farmers'  Bulletin  No.  51,  "  Standard  Varieties  of  Chickens." 

HOUSES  AND  INCLOSXTBES. 
SYSTEMS  OF  HOUSING. 

In  the  manner  of  housing  fowls  we  have  two  systems  widely  dif- 
ferent in  their  extremes.  At  one  extreme  is  the  colony  plan,  shown 
in  figure  7  (p.  16),  which  consists  in  placing  small  houses  for  small 
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flocks  far  enough  apart  to  obviate  the  necessity  of  fences,  thus  giving 
free  range  with  but  little  mingling  of  the  different  flocks.  At  the 
other  extreme,  we  have  the  continuous  apartment  house  shown  in 
figures  3  and  6  (pp.  13  and  15).  This  kind  of  house  consists  of  a 
series  of  separate  pens,  under  one  roof,  opening  directly  into  a  hall 
way  in  the  rear,  or  having  doors  between  the  pens  without  the  hall 
way,  or  opening  into  a  hall  way  and  also  into  one  another.  There 
are  several  plans  and  arrangements  between  these  two  extremes  which 
may  be  built  to  suit  varying  conditions. 

The  advantages  of  the  colony  plan  are — first,  small  flocks  on  free 
range;  second,  no  expense  for  fencing;  third,  there  is  less  need  for 
scrupulous  attention  to  cleanliness  and  providing  regular  supplies  of 
animal  and  vegetable  feed  during  smnmer  months.  This  plan,  how- 
ever, has  the  following  disadvantages:  First,  extra  cost  of  labor  in 
caring  for  fowls  in  stormy  weather,  when  it  will  often  be  difficult  to 
get  around  to  feed  and  care  for  the  fowls  regularly;  second,  houses 
built  on  the  colony  plan,  if  built  as  well,  cost  more  than  a  continuous 
house  of  the  same  capacity,  for  partitions,  which  may  be  constructed 
largely  of  wire  netting,  are  much  cheaper  than  two  end  walls ;  third, 
the  colony  plan  allows  but  about  100  birds  per  acre,  while  the  contin- 
uous-house system,  with  suitable  yards,  allows  450  to  500  birds  per 
acre. 

LOCATION  AND  CONSTBITCTION  OF  HOUSES. 

Location  of  buildings. — The  first  consideration  is  a  suitable  location 
for  the  poultry  house  or  houses.  If  possible,  it  is  best  to  select  an 
elevation  having  a  natural  drainage  away  from  the  building,  for 
damp  ground  means  cold  ground.  If  the  house  can  be  built  in  the 
lee  of  a  wind-break  or  a  hill,  or  in  front  of  farm  buildings,  so  much 
the  better.  A  dry,  porous  soil,  such  as  sandy  or  gravelly  loam,  is 
preferable  to  a  clay  soil,  for  the  former  is  more  easily  kept  in  a  sani- 
tary condition.  If  it  is  impracticable  to  select  a  soil  that  is  naturally 
dry^  the  soil  should  be  made  dry  by  thorough  underdrainage.  A 
purely  sandy  soil  should  not  be  selected,  for  a  soil  not  good  enough  to 
support  plant  life  is  unfit  for  poultry. 

As  sunlight  and  warmth  are  essential  to  success,  the  buildings 
should  face  the  south ;  other  things  being  equal  they  will  be  warmer 
and  drier.  When  a  direct  southern  exposure  can  not  be  obtained  a 
southeastern  is  preferable  to  a  southwestern  exposure,  for  fowls  seem 
to  prefer  morning  to  afternoon  sun.  A  gentle  slope  facing  the  south 
is  the  most  suitable. 

When  to  build. — It  is  best  to  build  the  houses  during  the  spring  or 
early  summer,  for  then  they  have  time  to  dry  out  during  the  hot  days. 
Lumber  is  often  rather  damp  and  should  be  thoroughly  dried  out  be- 
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fore  winter.  Cement  floors  and  foundation  walls  will  also  have  an 
opportunity  to  dry  thoroughly,  and  thus  may  be  avoided  much  of 
the  dampness  so  often  attributed  to  them. 

Size  and  dimensions  of  honse. — ^The  size  of  the  building  required  will 
depend  largely  on  the  number  of  fowls  to  be  kept  and  on  the  size  of 
the  flocks.  From  40  to  50  seems  to  be  about  as  many  as  is  safe  and 
economical  to  keep  together.  With  flocks  of  this  size  about  5  square 
feet  of  floor  space  should  be  allotted  to  each  bird,  which  will  suffice  in 
most  cases  where  careful  attention  is  given  to  cleanliness  and  ventila- 
tion. If  the  fowls  are  kept  in  smaller  flocks  more  floor  space  per  bird 
will  be  needed.  Where  the  climate  is  so  mild  that  it  is  unnecessary 
to  keep  the  fowls  confined,  except  for  a  few  days  at  a  time,  less  space 
per  bird  will  be  sufficient.  The  smaller  breeds,  being  more  active  and 
restless,  require  about  as  much  room  as  the  larger  breeds. 

For  the  greatest  amount  of  floor  space  for  the  least  cost,  a  building 
should  be  square,  for,  other  things  being  equal,  the  nearer  square  a 
house  is  the  less  lumber  it  will  take.  It  is,  however,  out  of  the  ques- 
tion to  have  a  large  house  built  square. 

The  building  should  not  be  so  wide  that  the  sun  can  not  reach  the 
back  of  the  house,  otherwise  it  will  be  damp.  Fourteen  feet  is  a  con- 
venient width  if  there  are  no  alleyways. 

The  house  should  be  built  as  low  as  possible  without  danger  of  the 
attendants  bumping  their  heads  against  the  ceiling.  A  low  house  is 
more  easily  warmed  than  a  high  one. 

Fonndation  walls. — ^When  permanent  houses  are  to  be  built  it  is 
usually  most  economical  to  erect  them  on  foundations  made  of  brick, 
stone,  or  concrete.  These  should  be  built  deep  enough  to  prevent 
heaving  by  frost  and  high  enough  to  prevent  surface  water  from 
entering.  Where  large  stones  or  bricks  are  not  readily  available 
good  walls  may  be  made  from  small  stones.  In  case  none  of  these 
foundation  materials  is  available  the  building  may  be  erected  on 
posts. 

The  roof. — There  are  three  general  styles  of  roofs — ^the  single  pitch, 
shown  in  figure  9  (p.  18)  ;  the  gable  roof,  or  double  pitch  with  equal 
sides,  shown  in  figure  3  (p.  13),  and  the  combination,  with  one  long 
and  one  short  pitch,  shown  in  figure  6  (p.  15). 

The  single-pitch  roof  is  the  easiest  to  build.  It  gives  the  highest 
vertical  front  exposed  to  the  sun's  rays  and  throws  all  the  rain  water 
to  the  rear;  but  in  order  to  have  the  back  wall  of  sufficient  height  to 
allow  a  person  to  work  conveniently  in  the  rear  portion  of  the  house 
it  is  necessary  to  have  the  front  wall  very  high — ^unless  a  very  slight 
pitch  is  used — which  requires  much  more  lumber  for  the  front  side 
than  in  the  case  of  the  other  two  styles.  The  gable  roof  provides  for 
a  garret  space,  which  may  be  filled  with  straw,  thus  helping  to  make 
t      house  warm  and  dry. 
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It  takes  the  same  amount  of  material  to  build  any  one  of  the  roofs 
mentioned  if  the  pitch  of  the  roof  and  the  ground  plan  are  similar. 
Most  roofs  can  be  one- fourth  pitch.  Shingle  roofs,  however,  should 
generally  be  one-third  pitch.  In  any  case  the  steeper  the  pitch  the 
greater  will  be  the  cost  of  roofing  and  the  longer  the  roof  will  last. 

There  are  several  prepared  roofing  materials  which  are  good,  or  the 
roof  may  consist  of  matched  lumber  or  shingles. 

Floors. — ^The  floor  may  be  of  earth,  wood,  or  cement.  It  is  impor- 
tant that  the  floor  be  dry,  otherwise  it  will  be  impossible  to  keep 
litter  on  the  floor  fit  for  use.  Straw  and  similar  material  gathers 
moisture,  and  when  the  litter  becomes  damp  enough  to  be  limp  it  is 
practically  useless  for  fowls  to  scratch  in  for  their  grain  feed. 

Earth  floors  ai«  excellent,  provided  they  are  kept  dry.  Except  in 
very  dry  climates,  however,  they  are  apt  to  be  damp.  Where  an 
earth  floor  is  used  it  should  be  3  or  4  inches  above  the  level  of  the 
ground  outside.  An  objection  to  earth  floors  is  the  difficulty  of 
cleaning  them,  for  it  is  usually  necessary  to  remove  2  or  3  inches  of 
the  top  and  to  replace  this  with  fresh  soil,  and  even  then  one  can  not 
be  certain  that  all  of  the  droppings  have  been  removed. 

Board  floors  are  usually  short-lived  unless  air  is  allowed  to  circu- 
late under  them.  This  may  be  provided  for  by  means  of  openings 
in  the  foundation  walls,  which  should  be  closed  during  the  winter 
months.  A  board  floor  covered  with  one- fourth  inch  of  fine  sand, 
with  scratching  material  on  this,  makes  a  good  floor.  The  litter  and 
sand  can  be  readily  removed  when  desired  and  fresh  materials  pro- 
vided. If  the  wooden  floors  are  constructed  within  2  or  3  inches  of 
the  ground  it  is  essential  that  the  foundation  walls  be  constructed  in 
such  a  way  that  rats  can  not  gain  access  beneath  the  floor. 

A  good  cement  floor  is  the  best,  for  it  is  easily  cleaned  and  very 
durable.  It  should  be  covered  with  one-fourth  or  one-half  inch  of 
fine  soil  or  sand  and  plenty  of  litter.  In  constructing  this  floor  the 
ground  should  be  excavated  to  the  depth  of  3  or  4  inches  and  then 
filled  in  with  small  stones  or  coarse  gravel  to  make  a  good  foundation. 
Cover  with  about  2  inches  of  mortar,  made  by  mixing  thoroughly, 
while  dry,  one  part  of  good  cement  to  three  or  four  parts  of  sand,  and 
then  wetting  with  water  and  mixing  thoroughly. 

Further  details  regarding  the  construction  of  cement  floors  are 
given  in  Farmers'  Bulletin  No.  235,  "  Cement  Mortar  and  Concrete." 

Windows. — Too  much  glass  makes  a  house  cold  at  night  and  during 
the  winter  months  and  warm  during  the  sunmier  days.  One  square 
foot  of  glass  surface  should  be  allowed  to  about  16  or  18  square  feet 
of  floor  space.  The  windows  should  be  placed  high  and  vertical 
rather  than  horizontal,  for  if  the  windows  are  placed  low  the  sunlight 
will  not  reach  the  rear  portions  of  the  floor  space,  except  during 
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the  winter  when  the  sun  is  lowest.  An  8  by  10  inch  glass  is  a  good- 
sized  light  used  in  a  12-light  sash,  making  the  sash  about  3  feet  10 
inches  by  2  feet  5  inches.  A  10  by  12  inch  glass  is  another  good- 
sized  light  to  be  used  in  an  8-light  sash,  making  the  sash  about  4  feet 
5  inches  by  2  feet.  Use  two  of  these  sashes  for  a  house  having  about 
250  square  feet  of  floor  space.  In  the  coldest  parts  of  the  United 
States  it  is  well  to  double  glaze  the  windows,  leaving  one- fourth  or 
one-half  inch  space  between  the  glass. 

Quality  of  oonstmction. — It  is  not  necessary  to  build  expensive 
houses,  but  they  should  be  serviceable,  fairly  roomy,  well  lighted,  and 
well  ventilated  without  drafts.  The  house  should  be  built  with  a  view 
to  simplicity,  economy,  and  convenience,  and  should  be  constructed 
according  to  the  location  and  climatic  conditions. 

The  walls  may  consist  of  (1)  one  thickness  of  boards,  matched  or 
unmatched;  (2)  one  thickness  of  boards,  matched  or  unmatched, 
covered  with  one  or  two  thicknesses  of  building  paper  or  roofing;  (3) 
one  thickness  of  boards  covered  with  paper,  then  shingled  or  covered 
with  lapped  siding  or  matched  lumber,  making  a  solid  double  wall; 
(4)  double  boards  with  dead  air  space  between;  (5)  double  boards 
with  space  between  filled  with  straw,  hay,  or  other  similar  material 
The  second  and  third  methods  are  the  most  common. 

Interior  Arrangements. 

As  far  as  possible  interior  fixtures  should  be  so  constructed  as  to 
permit  them  to  be  readily  removed  and  cleaned. 

Boosts. — ^A  2  by  3  inch  scantling  set  edgewise  with  the  upper  edge 
slightly  rounded  makes  a  satisfactory  perch.  Allow  7  to  10  inches  for 
each  fowl ;  that  is,  a  perch  16  feet  long  would  furnish  room  enough  for 
20  fowls.  A  smooth  platform  should  be  placed  under  the  perches  to 
catch  the  droppings.  The  perches  should  be  from  6  to  10  inches  above 
this  platform  so  as  to  allow  the  droppings  to  be  removed  without 
removing  the  perches.  It  is  usually  desirable  to  have  the  platform 
some  distance  from  the  floor,  from  2  to  3  feet,  in  order  that  all  the 
floor  space  may  be  available.  If  the  roosts  are  located  at  the  rear  of 
the  building  it  is  possible  to  reduce  the  size  of  the  roosting  apart- 
ments at  night  by  having  a  curtain  swung  from  the  ceiling  which 
may  be  hung  up  against  the  ceiling  during  the  day.  A  curtain  of 
heavy  unbleached  muslin  or  duck  tacked  to  a  light  wooden  frame 
will  be  found  very  useful  on  cold  nights  in  the  Northern  States. 

Nests. — The  nests  should  be  situated  in  a  more  or  less  dark  place, 
for  then  the  hens  will  be  less  apt  to  eat  the  eggs.  A  good  place  is 
directly  beneath  the  roost  platform,  with  the  nests  so  arranged  that 
the  hen  enters  from  the  side  toward  the  wall.  Each  nest  should  be 
from  12  to  14  inches  square,  and  high  enough  (about  12  or  14  inches) 
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FiQ.  1.— Row  of  neats  for  laying  hens. 


to  be  convenient  for  the  hen  to  enter.  The  partitions  between  the 
nests  should  be  high  enough  to  prevent  the  hens  from  rolling  the  eggs 
from  one  nest  to  another,  and  low  enough  to  permit  hens  to  go  from 
one  nest  to  another,  otherwise  they  will  fight  and  eggs  will  be  broken. 
Fine  hay  or  straw  makes  a  good  nesting  material. 

Dust  boxes. — Chickens  never  wash,  as  many  other  birds  do,  but 
cleanse  themselves  of  insects  by  wallowing  in  soil.  Where  board  or 
cement  floors  are  used,  some  means  for  dusting  should  be  provided 
during  the  winter  months.  For  a  flock  of  50  to  60  fowls  a  dust  box 
3  by  5  feet  or  4  by  4  feet  will  be  found  large  enough  in  most  instances, 
and  should  be  placed  where  it  can  be  reached  by  sunlight  during  as 

much  of  the  day  as  possible. 
Fine,  light,  dry  dust  is  the 
best,  but  sandy  loam  is  good. 
Road  dust  is  reconmiended 
by  many,  but  it  is  apt  to  be 
filthy.  Coal  or  wood  ashes 
may  be  mixed  with  the  soil 
if  desired. 

Drinking  fountain. — The  water  receptacle  should  be  large  enough 
to  hold  plenty  of  water  to  last  twenty- four  hours,  so  that  the  fowls 
will  never  suffer  for  the  lack  of  water,  and  should  be  elevated  a  little 
above  the  floor  to  prevent  the  water  from  becoming  dirty,  as  it  would 
otherwise.  Drinking  vessels  should  be  carefully  rinsed  when  fresh 
water  is  given. 

Feed  trough  and  grit  boxes. — In 
figure  2  is  shown  an  easily  and 
cheaply  constructed  feed  trough, 
which  is  so  constructed  that  the 
fowls  can  not  get  into  it  with  their 
feet  and  soil  the  feed. 

Several    small    boxes    for    shell, 
grit,   beef   scraps,   etc.,   should   be 
fastened  against  the  wall  at  a  con- 
venient distance  (12  to  16  inches)  above  the  floor,  where  the  fowls 
can  have  constant  access  to  them. 

Ventilation. — As  it  is  better  to  have  a  cold  dry  house  than  a  warm 
damp  one,  some  means  of  ventilation  should  be  provided.  There  is 
no  better  way  to  ventilate  than  by  opening  doors  and  windows  as 
much  or  little  as  weather  conditions  require,  but  in  all  cases  care 
should  be  taken  to  avoid  any  drafts.  A  cloth  curtain  over  an  open- 
ing has  proved  a  very  successful  method  of  ventilation. 
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TABDS. 

If  convenient,  it  is  well  to  have  double  yards,  for  then  one  may 
rotate  green  crops.  The  yards  may  be  sown  to  clover,  rye,  bluegrass, 
etc.,  and  while  the  fowls  are  using  one  yard  the  green  feed  in  the 
other  is  getting  a  fresh  start. 

If  the  yards  are  to  be  on  only  one  side  of  the  house,  they  should  be 
on  the  south  side  in  order  that  the  fowls  may  have  the  benefit  of  the 
first  dry  ground  in  early  spring.  It  not  infrequently  hapi)ens  that  in 
lo(5alities  where  snow  is  abundant  the  ground  on  the  south  side  is  dry 
many  days  before  that  on  the  north  side. 

If  the  yards  are  to  be  in  permanent  sod  and  are  to  furnish  green 
feed  for  the  fowls,  70  to  80  square  feet  should  be  allowed  for  each 
bird.  If  part  of  the  green  feed  is  to  be  otherwise  provided  for,  and 
the  yards  used  mainly  for  exercise  grounds,  35  to  40  square  feet  per 
bird  will  be  sufficient. 

Wire  netting,  2-inch  mesh,  is  suitable  for  fencing  and  can  be  bought 
cheaply.  Where  several  runs  are  adjoining,  the  fences  must  be 
boarded  up  at  the  bottom  to  a  height  of  2  to  2J  feet  to  prevent  the 
males  fighting  with  one  another.  Height  of  fences  will  need  to  be 
regulated  by  the  variety  of  fowls.  The  heaviest  breeds,  like  the 
Brahmas,  may  be  restrained  by  a  4-foot  fence,  while  most  of  the 
other  breeds  can  be  kept  in  by  a  6-foot  fence.  Some  of  the  Ham- 
burgs  and  Leghorns,  however,  need  an  8-foot  or  lO-foot  fence. 
Gates  should  be  provided  in  order  to  permit  access  from  one  yard 
to  the  next. 

Shade  of  some  kind  should  be  provided,  and  this  can  often  be  ad- 
vantageously furnished  by  planting  fruit  trees  (such  as  pear,  plum, 
cherry,  and  apple)  in  the  yard. 

SOME   SXXGGESSFTJL  HOUSES.  ' 

In  the  preceding  pages  some  of  the  important  principles  of  house 
construction  and  of  the  internal  arrangements  of  the  house  have  been 
given,  leaving  it  to  the  individual  to  choose  the  kind  of  house  best 
adapted  to  his  purpose.  There  is  no  one  house  which  is  best  for  all 
locations  and  for  all  purposes.  In  the  following  pages  some  descrip- 
tions of  practical  houses  in  actual  use  are  given.  Some  of  these 
houses  are  expensive  and  others  are  cheap.  It  is  impossible  to  give  an 
approximate  cost  of  any  house  for  all  sections  of  the  country,  be- 
cause the  cost  of  material  and  labor  varies  so  greatly. 

Continaous  Honses. 

In  figure  3  is  shown  a  long  continuous  house  in  use  at  the  White 
Leghorn  Poultry  Yards,  in  New  York  State.  It  is  260  feet  long 
by  16  feet  wide  and  7  feet  high  at  the  eaves.    Along  the  n<nrth  aide  is 
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a  4- foot  passageway,  which  is  separated  from  the  pens  by  a  matched- 
board  partition.  The  house,  exclusive  of  this  passageway,  is  divided 
into  20  pens  12  by  12  feet  and  a  feed  room  10  by  12  feet.  A  door 
opens  from  the  passageway  into  each  pen,  and  there  is  also  a  door  in 
each  partition  between  the  pens.     These  partitions  consist  largely  of 


Fio.  3.— A  continaous  apartment  hoiue. 

wire  netting,  but  all  are  boarded  up  to  a  height  of  2^  feet  from  the 
floor,  in  order  that  males  in  the  adjoining  pens  may  not  fight  through 
the  wire,  and  thus  injure  each  other.  Several  of  the  partitions  in 
the  house  are  boarded  up  solidly  from  floor  to  ceiling  to  prevent  the 
drafts  which  are  so  likely  to  be  found  in  long  houses. 

In  the  front  or  south  side  of  each  pen  are  placed  two  windows,  each 

window  consisting  of  two 
12-light  sashes.  The  win- 
dows are  arranged  to  slide 
up  and  down  as  in  an  ordi- 
nary dwelling,  special  care 
being  exercised  to  have 
them  move  freely  in  order 
that  they  may  be  opened 
at  any  time,  regardless  of 
weather  conditions.  Un- 
less this  point  is  considered 
the  windows  are  very  apt 
to  become  frozen  in  on  the 
arrival  of  cold  weather,  and 
it  becomes  difficult  to  open 
them,  hence  the  ventilation 
is  frequently  neglected.  During  the  past  winter  one  window  in  each 
pen  was  arranged  as  shown  in  figure  4,  the  upper  sash  being  dropped 
to  the  window  sill  and  the  opening  thus  made  covered  with  a  piece 
of  8-ounce  duck,  the  latter  being  tacked  to  the  upper  bar  of  the  lower 
sash  and  to  the  sides  and  top  of  the  window  frame.     In  ei^eme  cold 
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weather  the  lower  sash  is  shpped  up  to  the  top  of  the  window,  thus 
effectually  closing  it.  This  method  proved  to  be  very  satisfactory, 
the  house  being  unusually  dry  and  the  birds  appearing  to  be  in  ex- 
cellent health. 

The  roosting  platform  (see  fig.  5)  is  placed  in  the  rear  of  each  pen, 
and  at  the  front  of  each  platform  is  hung  a  duck  curtain  operated  by 
means  of  cords  run  through  rings  attached  to  the  ceiling.  This  addi- 
tional protection  effectually  prevents  the  freezing  of  Leghorn  combs 
in  all  except  the  most  severe  winter  weather.  The  nests  are  directly 
under  the  platforms  and  are  entered  from  the  rear.  The  bottoms  of 
the  nests  are  attached  to  one  side  by  means  of  hinges  and  are  held  in 
place  by  a  number  of  hasps.  To  clean  the  nests  it  is  simply  neces- 
sary to  unfasten  the  hasps  and  the  entire  bottom  swings  downward. 
The  floor  consists  of  matched  boards.    The  outside  of  the  studs  of 

the  walls  are  first  boarded, 
then  covered  with  paper 
and  clapboarded.  The  in- 
side of  the  studs  is  covered 
with  matched  boards,  mak- 
ing a  4-inch  dead  air  space 
between  the  two  walls. 
The  ceilings  are  made  of 
matched  boards.  Over 
each  pen  in  the  ceiling  is 
a  trapdoor  about  20  by  24 
inches  opening  into  the 
attic.  At  each  end  of  the 
attic  is  a  window,  and  at 
regular  intervals  along  the 

Fio.6.-Curtalned  roosts  ftnd  hinged  neat  boxes.  p^^k  of  the  rOof  are  Venti- 

lating cupolas.  Straw  may  be  placed  in  the  attic,  thus  providing  an 
effective  means  of  absorbing  the  moisture. 

In  figure  6  is  shown  one  of  the  curtain-front  houses  in  use  at  the 
Maine  Experiment  Station.  Fresh  air  has  been  a  big  consideration 
in  the  building  of  this  house,  which  has  a  curtained  front  to  the  house 
proper  and  a  curtain-front  roosting  room.  Professor  Gowell,  expert 
in  charge  of  poultry  raising  at  this  station,  has  found  this  method  of 
ventilation  very  satisfactory. 

The  building  is  120  feet  long  and  16  feet  wide.  The  front  wall  is 
6f  feet  and  the  rear  wall  5J  feet  high  from  the  floor  to  the  top  of  the 
plate.  The  roof  is  of  unequal  span,  the  ridge  being  4  feet  in  from  the 
front  wall,  and  the  height  of  the  ridge  above  the  floor  is  9  feet.  The 
sills  are  4  by  6  inches  and  rest  on  a  rough  stone  wall.  The  floor,  con- 
sisting of  two  thicknesses  of  hemlock  boards,  rests  on  2  by  8  inch  tim- 
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bers,  which  are  placed  2  feet  apart.  The  rest  of  the  frame  of  the 
building  consists  of  2  by  4  inch  material.  The  building  is  boarded, 
papered,  and  shingled  on  both  roof  and  walls,  and  in  addition  the ' 
rear  wall  and  4  feet  of  the  lower  part  of  the  rear  roof  are  ceiled  on 
the  inside  of  the  studding  and  the  space  packed  with  dry  sawdust. 
Outside  of  the  building  a  3-foot  platform  extends  across  the  ends  and 
along  the  front. 

The  house  is  divided  into  four  30  by  16  foot  pens.  In  the  front 
side  of  each  pen  are  two  12-light  windows  and  a  door  2J  feet  wide. 
The  space  between  the  window  and  door  comes  close  up  to  the  eaves, 
leaving  an  unbroken  front  3  feet  high  below  the  eaves.  The  opening 
is  3  by  14  feet  and  is  covered  by  a  wooden  frame,  covered  with 
10-ounce  duck.  This  curtain  is  hinged  at  the  top  and  is  swung  in 
when  opened,  and  it  is  always  kept  open,  except  on  stormy  days  and 


Fio.  6.— A  curtain-front  hoose. 

winter  nights.  Each  pen  is  of  suitable  size  to  accommodate  100 
fowls,  thus  allotting  4.8  square  feet  of  floor  space  to  each  bird. 

A  roost  platform  4  feet  10  inches  wide  and  3  feet  above  the  floor 
extends  along  the  rear  side  for  the  entire  30  feet.  Three  perches  of 
2  by  3  inch  material  are  placed  on  edge  10  inches  above  the  platform. 
The  rear  perch  is  11  inches  out  from  the  wall,  and  the  space  between 
the  perches  is  16  inches,  which  leaves  15  inches  between  the  front 
perch  and  the  duck  curtain.  The  two  curtains  in  front  of  the  roost 
are  each  15  feet  long  and  30  inches  wide.  They  are  hinged  at  the 
top,  and  open  out  into  the  room  and  fasten  up  when  not  in  use. 

At  one  end  of  each  pen  are  placed  12  trap  nests  and  8  at  the  other 
end.  Several  small  boxes  are  placed  against  the  wall  1^  feet  above 
the  floor  for  shell,  grit,  bone,  etc.  The  doors  between  the  pens  are 
wooden  frames  covered  with  10-ounce  duck  and  are  hung  with 
double-action  spring  hinges,  so  as  to  open  in  either  direction.  Tight 
board  partitions  are  used  between  the  pens  to  avoid  drafts. 
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The  chief  point  about  this  house  is  that  only  two  cloth  curtains  are 
between  the  birds  and  the  night  air,  it  being  located  in  a  cold  climate 
where  the  mercury  often  falls  considerably  below  zero  in  winter. 
The  floor  is  covered  to  the  depth  of  6  or  8  inches  with  straw,  and 
some  grain  scattered  in  the  litter  early  in  the  morning  induces  the 
birds  to  exercise  as  soon  as  they  leave  the  roost.  It  would  be  unwise 
to  open  the  curtains  of  the  roosting  peri  and  let  the  birds  into  the 
cold  atmosphere  of  the  room  without  some  inducement  to  work. 

In  figure  7  are  shown  the  houses  of  Mr.  Tillinghest's  pl€ait  in  Con- 
necticut. Each  house  is  10  by  20  feet,  4  feet  high  at  the  eaves,  and 
6J  feet  at  the  center.  The  whole  construction,  including  the  roof,  is 
of  1-inch  cypress  boards,  matched.    The  floors  consist  of  earth,  and  are 


Pio.  7.— A  Connecticot  poultry  ranch.    Note  arrangemeiit  of  colony  hooaes,  which  does  away  with 

necessity  of  fences. 

not  found  damp,  owing,  no  doubt,  to  the  excellent  natural  drainage. 
The  only  fixture  in  each  of  these  houses  is  a  hopper  having  a  capacity 
of  about  1^  bushels  for  wheat  screenings,  a  small  hopper  for  beef 
scraps,  and  4  or  5  soap  boxes  for  nests.  In  the  rear  of  the  house  are 
placed  3  or  4  perches  about  3  feet  from  the  ground.  No  board  for 
droppings  is  used. 

The  great  point  at  this  plant  is  the  simplicity  and  economy  of  labor 
in  caring  for  the  birds.  Nature  has  greatly  aided  the  owner  by  pro- 
viding not  only  excellent  drainage,  but  also  a  fine  stream,  which  fur- 
nishes plenty  of  water  and  serves  as  a  natural  fence.  The  elevated 
ground  abounds  with  wild  berries,  and  insects  are  usually  plentiful 
during  the  summer. 

The  supply  of  grain  in  sunmier  consists  of  wheat  screenings  fed 
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from  self- feeding  hoppers,  which  are  usually  filled  but  once  a  week. 
A  small  quantity  of  beef  scraps  is  fed  in  the  afternoon,  when  the  eggs 
are  gathered.  The  fowls  get  their  supply  of  water  by  going  to  the 
creek  in  both  winter  and  sunmier.  In  winter  a  little  cracked  corn  is 
added  to  the  wheat  screenings,  and  beef  scraps  are  accessible  to  the 
fowls  at  all  times. 

Figure  8  shows  one  of  the  winter  laying  houses  at  H.  J.  Blanchard's 
farm,  in  New  York  State.  This  building  is  40  feet  long  and  16  feet 
wide,  the  distance  from  the  floors  to  the  eaves  being  7  feet.  The 
walls  are  double,  with  a  4-inch  space  filled  with  straw.  On  the  south 
side  are  6  double-glazed  sashes,  which  make  a  warm  house  for  the 


Flo.  8.— Laying  house  and  open  range, 

cold  northern  portions  of  the  United  States.  There  is  a  loft  with 
slatted  celling  filled  with  straw,  which  absorbs  the  moisture  from 
below.  At  each  end  of  the  loft  is  a  door  which  is  opened  on  warm 
days  to  allow  the  straw  to  dry  out.  Below  the  floor  is  a  basement, 
which  furnishes  an  ideal  scratching  shed  for  winter  use.  To  the  rear 
of  this  house  is  a  small  grove,  which  furnishes  plenty  of  shade,  and 
about  20  feet  from  the  front  of  the  house  is  a  stream  of  water. 

Colony  Houses. 

Figure  9  shows  one  of  the  colony  houses  for  chickens  in  use  at  the 
poultry  farm  of  White  &  Rice,  in  New  York  State.     This  house  is 
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about  8  feet  long  and  7  feet  wide,  7  feet  high  in  front  and  3^  feet  in 
rear.  The  walls  are  built  of  one  thickness  of  matched  boards.  The 
floor  is  of  wood-  A  hover  is  placed  in  this  house,  and  the  chicks  are 
placed  here  when  first  hatched.  When  the  chicks  are  from  6  to  10 
weeks  old  (dej>ending  largely  on  weather  conditions  and  the  develop- 
ment of  the  chicks) ,  the  heater  is  removed  and  perches  are  placed  in 
the  rear  of  the  house  about  16  or  18  inches  above  the  floor. 

Figure  10  illustrates  a  "  New  Hampshire  "  house,  one  of  many  such 
houses  in  use  orx  Mr.  Hicks's  poultry  farm  in  Massachusetts.    This 


•at  6  feet  high 

-»  covered  with 

^r  dilation.     If 

-     vf  hich  can  be 

'■  h  a  house  will 

>>r  yard  room, 

iW  moved  from 

~   ^j:  this  shape 


19 


HAHAOEMEHT  OF  HENS  FOE  EGG  PEODUCTIOH. 

The  problem  of  feeding  is  one  of  great  importance,  and  should  be 
carefully  considered,  for  on  it  depends  to  a  large  extent  not  only  the 
general  health  of  the  birds,  but  also  the  economy  which  promotes  suc- 
cess. It  is  a  subject,  however,  which  should  be  studied  with  a  large 
amount  of  common  sense,  for  there  are  no  hard  and  fast  rules  which 
can  be  laid  down  as  applying  to  every  case.  The  price  of  feeds  and 
the  general  environment  should  be  considered  in  determining  the 
right  rations. 

For  the  largest  profit  a  good  proportion  of  the  eggs  should  be 
secured  during  the  winter.  If  two  extra  eggg  per  week  can  be 
obtained  from  each  hen  a  good  profit  will  be  made,  while  if  the  prod- 
uct is  increased  by 
only  one  egg  per 
week  in  winter, 
this  one  egg  will 
pay  for  all  the 
feed  the  hen  eats. 
To  obtain  this 
greater  produc- 
tion, not  only 
should  the  fowls 
be  young  and  of  a 
good  laying  breed, 
but  the  feeder 
should  have  a  full 
knowledge  of  the 
proper  feed  and 
its  preparation. 

The  nutriment 
in  the  feed  of  lay- 
ing hens  serves  a 
twofold  purpose — to  repair  waste  and  furnish  heat  to  the  body  and 
to  supply  the  egg-making  materials.  As  only  the  surplus  over  what 
is  needed  for  the  body  is  available  for  egg  production,  the  proper 
feeds  should  be  fed  in  sufficient  quantities  to  induce  this  production. 

In  supplying  feed  to  fowls  there  are  three  kinds  of  constituents 
which  should  be  present  in  certain  fairly  well  fixed  proportions  if  the 
desired  results  are  to  be  obtained  most  economically.  These  constitu- 
ents are  mineral,  nitrogenous,  and  carbonaceous,  all  of  which  are  con- 
tained in  corn,  wheat,  oats,  and  barley,  but  not  in  the  right  propor- 
tions to  give  the  greatest  egg  yield.  In  addition  some  animal  feed 
and  green  feed  should  be  supplied. 
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In  feeding  poultry  a  valuable  lesson  may  be  learned  from  nature. 
In  the  spring  the  production  of  eggs  on  the  farm  is  an  easy  matter. 
Fowls  which  are  at  liberty  to  roam  find  an  abundance  of  green  and 
animal  feed  on  their  range,  which  with  grain  furnishes  a  perfect 
ration  for  laying  hens.  In  addition  to  this  they  get  plenty  of  ex- 
ercise and  fresh  air.  So  far  as  lies  within  his  power,  then,  the  feeder 
should  aim  to  make  the  winter  conditions  springlike. 

SYSTEMS  OF  FEEDING. 

There  are  two  systems  in  use  for  the  feeding  of  fowls,  in  one  of 
which  all  the  feed  is  given  dry  and  in  the  other  of  which  one  or  more 
of  the  daily  feeds  consists  of  a  moistened  mash.  For  convenience 
they  may  be  termed  the  "  dry- feed "  and  the  "  mash  "  systems, 
although  in  the  dry-feed  system  a  dry  mash  is  often  fed.»  Dry  feed- 
ing is  used  by  many  where  it  is  not  convenient  to  make  and  feed  a 
moistened  mash.  The  greatest  advantages  to  be  derived  from  the  dry 
system  are  the  saving  of  labor  and  the  lessened  danger  of  bowel 
trouble  resulting  from  sloppy  or  soured  mashes. 

Dry  Feeding. 

In  the  dry- feed  system  for  laying  hens,  as  successfully  practiced  on 
a  New  York  poultry  farm,  the  whole  grains  fed  are  as  follows,  in  the 
proportions  indicated : 

200  pounds  cracked  com. 
360  pounds  wheat. 
130  pounds  oats. 

This  mixture  is  scattered  in  the  litter  early  in  the  morning  and 
again  at  about  11.30  a.  m.,  and  this  induces  abundant  exercise. 

A  hopper  containing  a  dry  mash  is  hung  against  the  wall.  The 
mash  is  made  up  of  the  following  ingredients,  in  the  proportions 
indicated  (by  measure) : 

32  parts  corn  meal. 

30  parts  meat  (animal)  meal. 

30  parts  ground  alfalfa. 

2  parts  oyster  shell. 

1  part  grit 

1  part  charcoal. 

The  hopper  containing  this  mash  is  opened  about  an  hour  after  the 
noon  feed  of  grain,  or  about  12.30  p.  m.,  and  the  fowls  have  access  to 
it  for  the  remainder  of  the  day. 

Of  all  grain  feeds  that  are  usually  supplied  to  farm  poultry,  com 
has  been  and  still  is  the  most  popular,  which  is  probably  due  to  its 

a  By  the  term  *'  mash  **  poultrymen  mean  a  mlsture  of  ground  feed,  wbich  may 
be  either  moist  or  dry. 
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abundance  and  relative  cheapness,  and  because  it  is  the  most  relished 
of  all  the  grains.  Corn  is  heating  and  fattening,  and  when  fed  to 
closely  confined  fowls  in  large  quantities  fat  rather  than  eggs  is  the 
usual  result,  and  it  should  be  balanced  with  meat,  bone,  linseed,  gluten, 
and  such  feeds  as  are  rich  in  nitrogenous  matter,  for  corn  is  deficient 
in  this  constituent.  When  com  is  fed  to  laying  hens  that  have  oppor- 
tunity to  take  plenty  of  exercise  and  to  secure  insects  and  green  feed, 
much  more  satisfactory  results  are  likely  to  be  obtained  than  when  it 
is  fed  to  the  same  fowls  closely  confined.  It  may  be  fed  quite  largely 
in  the  cold  climates  during  winter,  but  should  be  fed  sparingly  during 
summer. 

Wheat  is  generally  considered  the  safest  grain  to  be  fed  alone.  It 
is  not  quite  so  fattening  as  corn,  still  is  too  fattening  when  fed 
alone.  This  grain  should  be  supplemented  by  some  meat  feed  or 
skimmed  milk  to  increase  the  proportion  of  protein.  Wheat  contains 
more  protein  than  corn,  about  the  same  amount  of  carbohydrates,  but 
less  fat,  and  on  the  whole  is  considered  not  so  valuable  for  fattening, 
but  better  for  growth.  IMieat  screenings,  if  they  are  of  a  good  grade, 
can  frequently  be  purchased  and  fed  to  advantage.  Of  course  there 
is  always  the  danger  of  introducing  weed  seed  on  the  farm.  "  Burnt 
wheat "  can  seldom  be  fed  advantageously,  the  diflference  in  price 
between  this  and  good  wheat  being  usually  too  slight  to  warrant  one 
in  feeding  it. 

Oats  are  often  fed  for  variety,  but  are  not  well  liked  unless  hulled, 
the  hulls  being  tough  and  rather  indigestible.  Hulled  oats,  on  the 
other  hand,  are  relished  by  poultry  and  are  excellent  for  producing 
eggs.  When  they  can  be  obtained  at  a  reasonable  price  in  comparison 
with  other  grains  they  may  be  fed  quite  largely. 

Barley  does  not  seem  to  be  greatly  relished  by  hens,  but  may  be 
used  to  give  variety  to  the  grain  ration.  It  has  a  little  more  protein 
than  corn  and  a  little  less  than  oats. 

Buckwheat  is  quite  well  liked  by  fowls,  but  is  not  very  widely  fed. 
It  may  be  fed  to  vary  the  ration.  Buckwheat  middlings  are  rich  in 
protein  and  make  a  good  mixture  with  corn  meal. 

Rye  is  not  fed  largely,  and  does  not  seem  to  be  much  relished  by 
poultry.     It  is  supposed  to  cause  bowel  trouble  when  fed  freely. 

Mash  Feeding. 

It  is  the  practice  of  a  large  percentage  of  the  most  successful  poul- 
trymen  to  feed  a  part  of  the  daily  grain  ration  ground.  Most  of 
them  feed  the  ground  grain  moistened  with  either  milk  or  water, 
although  some  feed  it  dry.  A  fowl's  gizzard  is  capable  of  grinding 
all  kinds  of  grain,  but  it  is  generally  considered  to  be  more  econom- 
ical to  have  a  part  of  the  grinding  done  by  steam  or  water  power. 
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The  soft- feed  idea,  however,  must  not  be  overworked.  A  beginner 
often  reasons  that  it  is  cheaper  for  the  miller  than  for  Uie  fowl  to 
grind  the  grain;  but  the  powerful  muscles  of  the  gizzard  are  there 
to  be  used,  and  experience  hr.s  shown  that  the  balance  of  power  of 
functions  in  the  fowl's  economy  makes  the  vigorous  exercise  of  the 
gizzard  beneficial.  When  feeding  moistened  ground  feed  have  it  a 
comparatively  dry,  crumbly  mash,  and  not  a  thin  slop.  Give  what 
they  will  eat  readily  in  15  or  20  minutes. 

Poultrymen  do  not  agree  as  to  the  time  of  day  when  the  soft  feed 
should  be  fed.  Some  assert  that  it  should  be  fed  in  the  morning, 
others  at  noon,  and  still  others  at  night.  The  greater  proportion  give 
th0  ground  feed  in  the  morning,  a  large  number  at  night,  and  a  few 
at  noon.  The  number  who  feed  at  noon,  however,  is  becoming  larger. 
Those  who  give  the  soft  feed  in  the  morning  reason  that  the  fowls 
which  have  been  on  the  perches  during  the  night  have  largely  digested 
the  feed  consumed  the  day  before,  and  consequently  have  compara- 
tively empty  crops  and  digestive  organs,  and  in  order  that  the  morn- 
ing meal  may  be  easily  and  quickly  digested  the  fowls  should  be  fed 
only  ground  and  moistened  feed.  Other  careful  feeders  state  that  if 
a  moistened  mash  is  fed  in  the  morning  the  hen  is  likely  to  become 
gorged  with  feed  early  in  the  morning  and  take  to  the  roost  for  the 
remainder  of  the  day.  It  is  probably  more  important  that  a  part  of 
the  grain  should  be  ground  than  that  it  should  be  fed  at  any  particu- 
lar time  of  day.  In  an  experiment  in  West  Virginia  the  egg  pro- 
duction was  practically  the  same  whether  mash  was  fed  ia  the 
morning  or  at  night. 

The  following  are  given  as  sample  mashes : 


100  pounds  corn  meal. 
150  pounds  ground  oats. 
150  pounds  wheat  bran. 

30  pounds  linseed  meal. 

30  pounds  beef  scraps. 

100  pounds  wheat  bran. 
100  i)ounds  ground  com. 
100  pounds  ground  oats. 
100  pounds  ground  barley. 


100  pounds  corn  meal. 
100  pounds  ground  oats. 
100  pounds  wheat  bran. 

100  pounds  wheat  bran. 
100  pounds  corn  meal. 

75  pounds  wheat  middlings. 

75  pounds  cut  clover  or  alfalfa. 


MISCEIiliANEOUS  FEEDS. 

Animal  feed. — Chickens  eat  a  large  amount  of  animal  matter  in 
the  form  of  insects,  worms,  and  other  low  forms  of  animal  life  when 
allowed  to  range  at  will.  If  the  poultry  keeper  is  to  get  the  best 
results  from  his  fowls  in  winter  he  must  furnish  a  substitute  for  this 
class  of  feed.  For  this  purpose  green  cut  bone,  meat  scraps,  and 
animal  meal  may  be  used.  Green  cut  bone  is  usually  fed  by  itself, 
while  the  scraps  and  meal  may  be  readily  mixed  with  the  mash.    Cut 
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bone  consists  of  green  or  fresh  bone  sliced  or  shaved  into  thin  pieces 
by  a  bone  cutter.  Bones  fresh  from  the  butcher  have  more  or  less 
meat  adhering,  and  the  more  of  such  meat  the  better,  for  the  combi- 
nation of  bone  and  meat  is  excellent  for  producing  eggs.  Where  a 
good  supply  of  fresh  bone  can  be  obtained  regularly  it  is  very  useful, 
but  it  can  not  be  kept  sweet  for  such  long  periods  as  the  beef  scraps 
and  animal  meal.  Green  cut  bone  should  be  fed  carefully  and  in  a 
sweet  condition,  otherwise  bowel  trouble  may  result.  One  pound  a 
day  is  sufficient  for  20  hens,  but  not  over  one-half  pound  should  be 
fed  to  that  number  when  first  beginning  to  feed  it.  From  one-half 
to  three- fourths  pound  of  animal  meal  or  meat  scraps  may  be  fed  to 
12  or  15  hens.  Any  form  of  meat  is  likely  to  loosen  the  bowels  of 
the  hen  when  first  fed,  and  the  hens  should  be  watched  carefully  and 
not  fed  too  much.  After  the  fowls  have  become  accustomed  to  the 
animal  meal  or  meat  scraps  it  may  be  kept  constantly  before  them. 

Oreen  feed. — If  the  best  results  are  to  be  obtained  with  poultry  they 
must  be  furnished  with  a  plentiful  supply  of  green  feed.  Where 
fowls  have  unlimited  range  on  a  farm  they  will  secure  green  feed 
during  the  spring,  but  during  the  winter  it  must  be  supplied  for 
them.  The  question  of  how  to  supply  the  best  feed  at  the  least  cost- 
is  one  that  each  poultry  keeper  must  decide  largely  for  himself.  It 
will  probably  make  but  little  difference  what  kind  of  green  feed  is 
supplied  provided  it  is  relished  by  the  fowls.  Cabbages,  turnips, 
beets,  potatoes,  etc.,  are  suitable  for  this  purpose.  The  larger  roots 
and  the  cabbages  may  be  suspended  by  means  of  a  wire  or  string,  or 
they  may  be  placed  on  the  floor,  in  which  case  it  would  be  well  to 
split  the  turnips  or  beets  lengthwise  with  a  large  knife.  Potatoes 
and  turnips  should  be  fed  cooked.  The  mangel  is  an  excellent  root 
for  feeding  raw.  Cut  clover  soaked  in  boiling  water  fed  alone 
or  with  the  mash  is  good.  Clover  meal  and  ground  alfalfa  make 
very  good  feeds  for  this  purpose.  Where  the  fowls  are  yarded  and 
not  enough  green  feed  is  furnished  by  the  yards,  a  small  patch  of 
clover,  alfalfa,  or  rape  may  be  sown.  Any  one  of  these,  if  frequently 
mowed,  will  furnish  a  great  quantity  of  green  feed  in  a  form  which 
is  relished  by  the  fowls.  Canada  field  peas  may  also  be  sown  for 
this  purpose,  and  when  fed  in  a  tender,  crisp  condition  are  eaten 
readUy.  Rye  is  a  good  crop  for  late  fall  and  early  spring,  for  it  will 
germinate  and  grow  in  very  cold  weather  and  will  live  through  the 
winter.  As  a  general  thing,  fowls  should  have  once  a  day  about  all 
the  green  feed  they  will  eat. 

Hay. — Clover  hay  may  be  fed  economically  to  laying  hens  and  may 
be  prepared  as  follows:  Cut  into  as  short  lengths  as  possible  (one- 
fourth  to  one-half  inch)  and  place  in  a  bucket.  Then  pour  boiling 
water  over  it  and  allow  to  stand  for  two  or  three  hours  or  over  night. 
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When  ready  to  feed,  drain  off  the  water  and  mix  the  hay  with  the 
mash.  The  hay  may  constitute  about  one-half  the  bulk  of  the  feed, 
although  the  exact  proportion  is  immaterial.  Clover  hay  is  best,  but 
any  kind  is  valuable.  The  feeder  must  be  careful  not  to  give  too 
much  bulky  feed,  for  the  hen,  having  a  small  crop,  can  not  make  use 
of  as  large  an  amount  of  it  as  the  cow  and  other  ruminants  can. 

Water. — Plenty  of  fresh  water  should  always  be  accessible  to  the 
hens.  If  supplied  irregularly  they  are  likely  to  drink  too  much  at  a 
time.  It  should  not  be  exposed  to  the  sun's  rays  in  summer  or  be 
allowed  to  freeze  in  winter  if  this  can  be  avoided.  In  very  frosty 
weather  it  is  often  worth  while  to  give  them  slightly  warmed  water 
two  or  three  times  a  day  rather  than  permit  them  to  drink  water  at 
the  freezing  point.  A  flock  of  50  hens  in  good  laying  condition  will 
require  4  to  6  quarts  of  water  a  day. 

Milk. — When  properly  fed,  milk  makes  an  excellent  feed  for  poul- 
try. In  feeding  sour  milk  or  buttermilk,  however,  the  feeder  must 
exercise  care  not  to  give  too  much  or  bowel  trouble  will  likely  result. 
Skimmed  milk  is  an  economical  feed.  In  skimming,  the  most  val- 
uable food  constituents — the  nitrogenous  substances — are  left  in  the 
skimmed  milk.  Not  only  does  this  skimmed  milk  contain  much 
nutritive  material,  but  it  contains  it  in  a  form  which,  as  a  rule,  is 
easily  digested.  Skimmed  milk  may  often  be  advantageously  sub- 
stituted in  part  for  meat.  Milk  may  be  used  in  mixing  the  soft  feed, 
or  it  may  be  given  the  fowls  to  drink  in  addition  to  water. 

GBIT  AND  OTHEB  SUBSTANCES. 

Grit. — Grit  is  essential  to  the  health  of  fowls  and  to  economy  in 
feeding.  Grit  takes  the  place  of  teeth  in  preparing  the  feed  for  fur- 
ther digestion  and  is  required  for  the  proper  preparation  of  feed  in 
the  gizzard.  When  the  feed  is  not  properly  taken  care  of  in  this  organ 
an  undue  strain  is  thrown  on  the  fowl's  system,  often  resulting  in  dis- 
ease, and  also  allowing  much  of  the  nutriment  to  pass  through  the 
bird's  body  without  being  absorbed.  In  every  pen  or  yard  a  box  of 
grit  should  be  kept.  Recent  investigators  have  asserted  that  grit  is 
a  part  of  the  necessary  feed,  giving  the  fowls  strong  bones  and  a 
bright  plumage. 

Lime. — Ordinarily,  the  hen  does  not  consume  enough  lime  to  form 
the  shells  of  eggs  if  she  is  laying  abundantly  unless  something  besides 
the  ordinary  grain  feeds  is  accessible  to  her.  Oyster  shells  are  very 
good  for  this  purpose.  A  box  of  crushed  shells  may  be  placed  before 
the  fowls,  allowing  them  to  eat  at  will.  Old  mortar  and  fine  gravel 
are  also  useful  in  supplying  lime. 
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Charcoal. — Charcoal  has  a  great  absorptive  power  for  gases,  unpuri- 
ties,  and  acids,  and  thus  acts  as  a  corrective  when  the  stomach  is  sour 
and  digestion  has  been  impaired. 

METHODS  OF  FEEDING. 

Fowls  should  have  empty  crops  in  the  morning,  and  the  crops 
should  never  be  quite  full  until  it  is  time  to  go  to  roost  at  night  For 
the  first  feed,  grain  scattered  in  the  litter  early  in  the  morning  is  pre- 
ferred, the  sooner  the  better  after  the  birds  leave  the  roosts.  This 
induces  them  to  exercise,  which  is  especially  important  on  cold  winter 
mornings.  In  the  middle  of  the  day  a  warm  moistened  mash  should 
be  given,  about  what  they  will  eat  within  fifteen  or  twenty  minutes, 
and  at  night,  about  an  hour  before  they  go  to  roost,  a  liberal  feed  of 
grain  should  be  scattered  in  the  litter. 

Frequency  of  Feeding. 

Some  poultrymen  feed  their  flocks  twice  a  day,  while  others  feed 
them  three  times  a  day.  The  best  plan  is  to  feed  fowls  in  confine- 
ment three  times  a  day  and  those  having  free  range  in  summer  twice 
a  day.  When  there  is  a  very  long  interval  between  feeds  it  is  diflScult 
to  keep  fowls  busy  which  are  kept  in  confinement.  Idle  fowls  often 
contract  bad  habits,  such  as  feather  pulling  and  egg  eating,  besides 
going  out  of  condition  from  lack  of  exercise. 

In  case  it  is  not  convenient  to  feed  three  times  a  day,  the  moistened 
mash  may  be  fed  in  the  morning,  and  at  the  same  time  the  noon  feed 
of  grain  may  be  scattered  in  thelitter,  which  will  keep  the  fowls  busy 
a  great  part  of  the  day. 

For  tnose  who  can  not  conveniently  feed  their  fowls  early  in  the 
morning  a  good  plan  is  to  scatter  grain  plentifully  in  the  litter  after 
the  birds  have  gone  to  roost.  This  grain  will  furnish  feed  for  the 
early  morning. 

Some  poultry  keepers  can  look  after  their  fowls  only  once  a  day. 
If  this  is  in  the  morning,  moistened  mash  may  be  fed,  followed  by 
throwing  grain  in  the  litter  to  furnish  feed  for  the  remainder  of  the 
day.     If  it  is  in  the  evening,  before  dark,  a  moistened  mash  may  be 

fiven,  and  either  after  the  ftwls  go  to  roost  or  in  the  morning,  before 
aylight,  grain  may  be  scattered^ in  the  litter  for  eating  during  the 

day. 

Amount  of  Feed. 

It  is  impossible  to  state  any  exact  quantity  of  feed  that  should  be 
given  to  each  fowl  per  day,  as  the  appetites  of  the  birds  vary  accord- 
ing to  the  conditions  under  which  they  are  kept,  the  season  of  the 
year,  and  the  kind  of  fowl,  some  being  much  greater  eaters  than 
others.  The  general  rule  is  to  keep  the  birds  slightly  hungry  during 
the  day,  not  giving  all  they  will  eat  until  just  before  roosting  time. 
The  birds  should  be  handled  now  and  then  when  they  are  on  the 
perch,  and  if  thev  are  either  too  fleshy  or  too  poor  their  rations 
should  be  modifiedf. 
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Importance  of  a  Varied  Bation. 

In  feeding  grain  the  aim  of  the  feeder  should  be  to  give  a  variety. 
No  one  kind  of  grain  alone  is  best.  Variety  may  be  secured  by  mix- 
ing the  OTains  or  by  feeding  the  different  kinds  of  grain  on  different 
days.  This  variety  is  in  accordance  with  nature.  When  on  fi-ee 
range  the  fowls  obtain  a  little  of  several  different  kinds  of  feed. 
Gram  should  not  be  made  the  sole  feed,  for  then  fat  and  not  eggs  is 
the  usual  result. 

Effect  of  Feed  on  Character  of  Egg. 

In  extreme  cases  the  flavor  and  the  odor  of  the  feed  have  been 
imparted  to  the  egg.  Onions  have  been  fed  in  suflBcient  quantity  to 
bring  about  this  effect.  Feeds  of  high  and  objectionable  flavor  should 
not  be  fed  by  those  who  desire  to  produce  a  nrst-class  article.  In  no 
case  should  tainted  feed  be  allowed  to  enter  into  the  ration.  Feed  also 
has  an  influence  on  the  color  of  the  yolk.  Com  fed  exclusively  will 
give  a  deep  yellow  or  highly  colored  yolk,  while  wheat  fed  alone  will 
produce  a  much  lighter-colored  yolk.  A  fairly  high-colored  yolk  is 
usually  preferred  and  can  generally  be  obtained  by  feeding  a  moder- 
ate amount  of  corn.  Plenty  of  green  feed  also  enriches  the  color  of 
the  yolk. 

THE  DBOPPINGS  AS  AN  INDICATION  OF  HEALTH. 

The  condition  of  the  droppings  furnish  a  good  indication  of  the 
hen's  health.  They  should  oe  oi  sufficient  consistency  to  hold  their 
shape,  but  should  not  be  too  solid.  In  color  they  should  be  dark,  ta- 
permg  off  into  grayish  white.  If  the  droppings  are  soft  or  pasty  and 
of  a  yellowish  or  brownish  color,  it  indicates  too  much  carbohydrates 
or  a  lack  of  meat.  If,  on  the  other  hand,  the  droppings  are  waterv 
and  dark  with  red  splashes  of  mucus  in  them,  it  indicates  too  much 
meat.  A  greenish,  watery  diarrhea  usually  indicates  insanitary  con- 
ditions, either  in  the  surroundings,  the  feed,  or  the  water. 

MOLTING. 

Where  a  specialty  is  made  of  producing  winter  eggs  it  is  important 
that  the  hens  shed  their  feathers  early,  so  that  the  new  plumage  will 
be  grown  before  cold  weather  begins.  Henry  Van  Dreser  has  pro- 
posed a  way  by  which  it  is  possible  to  cause  a  flock  of  fowls  to  pass 
through  the  molting  period  earlv  and  uniformly.  This  method  con- 
sists in  withholding  part  of  the  teed  for  about  two  weeks,  which  stops 
egg  production  ana  reduces  the  weight  of  the  fowls,  and  then  feeding 
heavily  on  a  ration  suitable  for  the  formation  of  the  feathers  and  the 
general  building  up  of  the  system.  This  method  was  tried  at  the 
West  Virginia  Experiment  Station  with  good  results.  The  hens 
molted  more  rapidly  and  with  more  uniformity,  entering  winter  in 
better  condition  than  similar  fowls  fed  continually  during  the  molt- 
ing period  on  an  egg-producing  ration.  Whether  this  method  is 
em})loyed  or  not,  the  fowls  should  receive  a  more  nitrogenous  ration 
than  the  one  ordinarily  fed.  The  addition  of  a  little  linseed  meal 
during  the  molting  period  will  aid  in  the  production  of  a  new  coat 
of  feathers.  An  increase  in  the  amount  of  animal  feed  will  also  be 
beneficial, 
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EXEBGISE. 

During  the  spring  season  fowls  having  free  range  get  abundant 
exercise.  Close  confinement  without  exercise  is  not  conducive  to  the 
best  results,  although  the  feed  provided  may  be  the  best,  for  idle  hens 
soon  grow  too  fat  to  lay.  It  is  almost  impossible  to  give  laying  hens 
which  are  confined  too  much  exercise.  The  fowls  may  be  encouraged 
to  exercise  in  various  ways,  such  as  feeding  corn  on  the  cob,  suspend- 
ing cabbage  heads,  beets,  etc.,  so  that  the  birds  have  to  jump  for 
them,  and  scattering  grain  in  the  litter.  The  litter  should  be  from  4 
to  8  inches  deep,  and  may  consist  of  straw  (either  cut  or  whole),  hay, 
leaves,  buckwheat  hulls,  shredded  corn  fodder,  or  any  convenient 
material  of  this  nature.  The  hens  should  be  kept  hungry  enough  so 
that  they  will  work  diligently  all  day  for  the  grain  scattered  in  this 
litter,  which  should  be  removed  whenever  it  becomes  damp  or  soiled. 

AGE  OF  BIBDS  FOB  PBOFITABLE  EGG  PBODUCTION. 

There  are  people  who  have  the  right  variety  of  fowls,  who  house 
and  feed  them  properly,  and  yet  who  can  not  obtain  eges  early  in  the 
winter  because  their  fowls  are  too  old.  It  is  seldom  mat  it  pays  to 
keep  hens  for  laying  after  they  are  two  and  a  half  years  old;  not  that 
they  will  not  give  a  profit,  bilt  that  younger  fowls  will  give  a  greater 
profit.  A  great  many  poultrymen  who  make  a  specialty  of  winter- 
egg  production  keep  nothing  but  pullets,  disposing  of  the  1-year-old 
hens  before  it  is  time  to  put  them  in  the  winter  quarters.  Early 
hatched  pullets,  if  properly  grown,  ought  to  begin  laying  in  October 
or  early  November  and  continue  to  lay  through  the  winter.  Yearling 
hens  seldom  begin  laying  much  before  the  1st  of  January  and  older 
hens  not  until  later.  It  is  the  November  and  December  eggs  that 
bring  the  high  prices.  The  laying  breeds  should  begin  laying  when 
about  5  months  old;  general-purpose  breeds  at  6  months,  and  the 
meat  breeds  at  7  or  8  months. 

EAISING  CHICKENS. 

To  be  successful  in  raising  chickens  it  is  necessary  to  have  healthy 
and  vigorous  breeding  stock,  for  the  lack  of  vigor  in  the  newly 
hatched  chicks  is  often  traceable  to  weak  parents.  Only  the  most 
vigorous  and  the  best  grown  birds  should  be  put  in  the  breeding  yards. 
Each  bird  should  be  :mll  of  life  and  energy  and  free  from  any  seri- 
ous deformity.  Yearling  hens  are  usually  better  than  pullets  for 
breeders,  for  the  reason  that  the  hens  are  more  mature  and  do  not  lay 
so  many  eggs  during  the  early  winter,  and  consequently  do  not  reduce 
their  vitality  so  much  before  the  breeding  season.  Vigorous  hens  2 
to  4  years  old  can  often  be  advantageously  retained  in  the  breeding 
yard.  The  male  bird  chosen  should  oe  young  and  active.  An  early 
hatched  well-developed  cockerel  is  usually  satisfactory,  or  a  good 
vigorous  yearling  or  2-year-old  cock  may  be  chosen.  The  hens  used 
for  breeding  purposes  should  be  given  the  best  care  possible;  they 
should  be  provided  with  large  runs  and  should  not  be  forced  for 
heavy  egg  production  during  tne  early  winter. 
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NTJMBEB  OF  FEMALES  TO  ONE  ICAXE. 

Of  the  light,  active  breeds,  such  as  the  Leghorns  and  Minorcas, 
1  male  will  be  sufficient  for  a  pen  of  12  to  15  females  under  ordinary 
conditions.  In  the  case  of  the  medium-sized  fowls,  such  as  the 
Plymouth  Bocks  and  Wyandottes,  1  male  should  be  provided  for 
every  10  or  12  females.  With  the  heaviest  breeds,  like  the  Brahmas 
and  Cochins,  1  male  should  not  be  mated  with  more  than  10  females. 
Where  20  or  30  females  are  kept  in  one  flock  no  better  means  of 
securing  fertile  eggs  is  known  than  to  keep  2  male  birds,  allowing  one 
of  them  to  run  with  the  hens  one  day  and  the  other  the  next  day, 
having  a  coop  or  extra  pen  in  which  to  keep  the  one  not  with  the 
hens. 

HATCHINa  CHICKS. 

There  are  two  methods  of  hatching  and  brooding  chicks — the  natu- 
ral, in  which  the  chicks  are  hatched  and  brooded  by  hens,  and  the 
artificial,  in  which  they  are  hatched  in  incubators  and  brooded  in 
houses  or  in  separate  outdoor  brooders.  For  the  person  with  a  small 
flock  the  natural  method  will  be  found  the  easier  and  less  expensive. 
For  the  person,  however,  who  has  a  hundred  or  more  hens  and 
intends  raising  large  numbers  of  diicks,  and  for  all  who  keep  only 
the  nonsitting  varieties,  the  artificial  method  is  the  more  practical. 
There  is  also  the  added  advantage  with  the  latter  method  of  being 
able  to  hatch  chickens  at  any  time  of  the  year. 

Eggs  for  Hatching. 

The  eggs  intended  to  be  incubated  should  be  kept  at  a  rather  cool 
temperature,  50°  to  60°  F.  It  is  not  advisable  to  keep  them  longer 
than  two  weeks  before  being  incubated,  and  the  fresher  they  are  when 
set  the  better  the  chances  of  a  good  hatch  and  strong  dbicks.  Only 
well-formed  eggs  with  good  strong  shells  should  be  set. 

Nnmber  of  eggs  to  hen. — This  depends  on  the  season,  the  size  of  the 
hen,  and  the  size  of  the  eggs.  The  usual  number  for  an  average- 
sized  hen  in  the  spring  is  13.  The  same  hen  set  in  winter  should  not 
be  given  more  than  11.  After  the  middle  '^^  May  she  can  take  care 
)f  15.  It  is  h-^^^-^  V  rive  l'^^*  ^^«n  sh'*  ^e^  ""'  >r  than  to  give  more, 
for  w^^T)    ^*  -^  ?  ■  Jtit  '^  Mft^s,  if  not  all,  will  be 

-liillo-  .      ,^^xOc         ■      1  .i.jatiox 

at    ^    *       rc^      »^         '   <^inor  sb^'i^'  ••        •  i  the  i*emoval  of 

nfpT^-       ^^,  .'  ^^  '  --left.     If  there 

*^^  ••  ^^i    ^t  on  the  same 

^t-     i^Uxvi  be  tested  about 

xi        •  '  ^  incubator  manu- 

•  V  '  homemade  tester 

jc  5ieboard  or  wooden 

■ii*-^i  •  ■•'        .^Ai  1- -    land  lamp,  a  lantern, 

•^'^"'^^  lole  Si--.jld  be  cut  in  the  top 

^ tie  e"^«  Her  than  an  ordinary 

^A  .-,....      lor.-        ^Q  testing  should  be 

•    t     •      >^ns  are  set  can  not 
•      -•  •^**  -i      ^T>    *»«**iTigj  the 
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FiQ.  11.— Nest  for  a  sitting 
hen. 


light  shininff  through  the  egg,  held  against  the  hole  in  the  side  of  the 
box,  shows  the  condition  or  the  egg.  An  infertile  egg  is  clear,  while 
the  fertile  egg  will  show  a  spiderlike  formation,  a  center  with  long, 
crooked  threads,  leading  outward,  and  this  formation  will  float  as 
the  egg  is  turned.  The  infertile  eggs  may  be  removed  and  used  for 
cookmg  purposes. 

Hatching  Chicks  with  Hens. 

The  quarters  for  sitting  hens  should  be  comfortable  and  convenient. 
The  hen  should  be  free  from  disturbance,  and  be  provided  with  a 
vard  or  run.  A  ffood  nest  for  medium-sized 
hens  is  a  box  12  by  14  inches,  and  12  or  14 
inches  high.  For  large  hens  the  nest  should 
be  16  by  16  by  16.  The  narrow  strip  at  the 
bottom  of  the  front  of  the  box  should  be  4  to  5 
inches  wide,  according  to  the  height  of  the 
box.  (See  fig.  11.)  Barrels,  half  barrels,  and 
boxes  of  various  kinds  may  be  used.  Hay. 
straw,  or  excelsior  makes  a  good  nesting  mate- 
rial, and  this  as  well  as  tne  hen  should  be 
dusted  with  a  good  insect  powder.  When  a 
hen  is  not  to  sit  in  the  nest  in  which  she  has  been  laving,  it  is  best 
that  she  be  moved  after  dark,  for  the  majority  of  hens  will  then 
settle  down  more  quietly  in  their  new  quarters  than  if  moved  during 
the  day. 

Feeding  sitting  hens. — Sitting  hens  should  be  well  fed.  Grain 
should  be  left  where  they  can  get  it  whenever  they  desire  to  come  oflf 
the  nest.  Their  feed  should  consist  mostly  of  a  variety  of  whole 
^rain,  such  as  corn,  wheat,  and  oats.  The  feed  a  sitting  hen  requires 
IS  that  needed  for  her  bodily  maintenance.    Very  little  vegetable 

or  meat  should  be  given,  for 
too  much  vegetable  feed  would 
tend  to  loosen  the  bowels,  and 
too  much  meat  food  would 
tend  to  stimulate  a  desire  to 
quit  sitting  and  begin  laying. 

Taking  chicks  from  nest. — 
Chicks  should  be  removed 
from  the  nest  about  twenty- 
four  hours  after  the  first 
chicks  are  hatched.  By  the 
time  the  first  chicks  are  a  day 
old  they  want  to  get  out  from 
under  the  hen  and  move  about,  which  is  liable  to  make  the  hen  rest- 
less and  often  causes  her  to  leave  the  nest. 

Nnmber  of  chicks  to  a  hen. — If  the  weather  is  cold,  10  to  12  chicks 
are  enough  for  1  hen.  As  the  weather  becomes  warmer  a  few  more 
may  be  given,  but  it  is  seldom  advisable  to  give  more  than  15.  The 
best  place  for  the  young  chickens  is  an  orchard  which  furnishes  an 
abundance  of  shade  and  also  admits  plenty  of  sunlight. 

Coops  for  hens  and  chickens. — The  simplest  coop  is  the  common 
A-shaped  coop  (fig.  12).     It  is  quickly  and  easily  made.    This  coop 
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Fig.  12.— A-shaped  coop  for  hen  and  chickens. 
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may  be  made  either  with  or  without  a  floor.    A  floor  is  desirable, 
except  during  warm  weather  and  where  the  soil  drains  quickly. 

Another  good  coop  is  the  box  coop  (fig.  13),  which  in  some  respects 
is  preferable  to  the  A-shaped  coop,  lor  in  the  latter  the  hen  can  stand 
upright  only  near  the  middle  or  the  coop,  while  with  the  box  coop 
the  entire  floor  space  is  available  for  her  and  the  chickens.  The  box 
coop  is  also  more  easily  cleaned.  If  desired,  a  small  covered  run  can 
be  made  for  each  coop.  This  is  especially  desirable  if  there  is  danger 
of  losses  from  cats,  hawks,  etc. 

Incubators  and  Brooders. 

Incubators. — ^There  are  several  good  incubators  on  the  market,  any 
one  of  which,  if  properly  handled,  will  be  found  satisfactory.  More 
depends  on  the  operator  in  most  cases  than  on  the  incubator.  In 
buying  an  incubator  the  order  should  be  placed  early  without  wait- 
ing until  the  purchaser  wishes  to  begin  operating  it  Spring  is  a 
busy  time  for  the  incubator  companies,  and  it  is  often  impossible  for 
them,  no  matter  how  well  equipped  they  may  be,  to  fill  an  order  the 
same  day  it  is  received.  Again,  shipments  are  often  delayed  by  the 
transportation  companies.  It  is  also  advisable  for  every  beginner  to 
have  his  machine  some  time  before  he  desires  to  fill  it  with  eggs,  in 
order  that  he  may  become  fully  acquainted  with  its  operation.  A 
book  of  instructions  accompanies  every  incubator,  which  makes  it 

unnecessary  to  go  into  details 
.  here.     Probably     the     most 

^^^^^.^cT'^ J,  ^^«^*!  common  cause  of  failure  with 

jj  .        ..  ■       li^.^       I  incubators  is  carelessness  and 

I  f i^^^^l         neglect    in    attending   to   the 

1  I^^^I^^^Hi^HBi^a^^V^      machines, 
'o  f^^^^^^^^^^^^^^^S^E  f  -^^^  more  details  regarding 

'i  J^^^^^^^^^^^^^^^HBH  t       incubators,  see  Farmers'  Bul- 
iJi^^^^l^^^lW^^^gya     letin  No.  236,  entitled  '^  Incu- 
JtT^^^MBJi^HlSiB^^^B^S^     bation  and  Incubators." 
'*''^'  -^J^^^^  •— *-  Brooders. — T  h  e     successful 

FiQ.  13.— Box  coop  for  hen  and  chickens.  growing  of  chicks  in  brOOdcrS 

is  much  more  difficult  than 
the  successful  hatching  of  e^r'  in  the  incubator,  because  the  artificial 
^^^ooding  of  the  chick*^    ^  no      foreign  to  nature. 

">n  a  IpT'e'"  plan      •      ^^      \c  i°^s  are   ^n  important  part  of  the 

-luipmem        ^^   i"^«'    -   - ^—     nd^      5r^oHoi*s  in  a  small  house 

-T^^^on     .,.     i^.  .  u  .p       ..i  jurchased  from  the 

— /•  _^^      ^«nufacturers  usu- 

-•  ^^-^^  '  lile  a  100-chick 

"     -'tf'     •      %f  •  • -'  ^ •  oi,  hatched,  it  will 

-     '  a  few  days  old. 

-    •  •'   ^  ••      util  they  are  about 
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chicks  to  the  outside  of  the  brooder,  panting  or  breathing  hard,  indi^ 
cates  too  much  heat;  on  the  other  hand,  crowding  and  huddling  about 
the  heater  indicates  the  need  of  more  heat.  Wnere  they  spread  out 
comfortably  at  night  part  way  between  the  heater  and  brooder  walls, 
or  just  inside  the  fringe,  where  a  hover  is  used,  it  is  a  safe  indication 
of  the  right  amount  oi  heat.  Chicks  must  be  kept  warm  while  at  rest, 
and  should  always  have  a  warm  place  ready  for  them  to  run  to  when 
they  feel  chillv.  They  should  not  be  allowed  to  huddle  together  out- 
side the  brooder,  but  should  be  placed  inside  until  they  feam  to  go 
there  of  their  own  accord. 

The  natural  method  of  applying  warmth  to  chicks  is  to  their  backs, 
and  it  is  a  generally  accepted  fact  that  in  artificial  brooding  the  heat 
should  be  supplied  from  overhead  with  a  very  moderate  warmth  from 
the  floor.  Experience  has  generally  shown  much  bottom  heat  to  be 
conducive  to  weak  legs. 

Pure,  fresh  air  is  as  essential  as  heat.  The  most  common  way  of 
supplying  this  air  is  in  connection  with  the  heating  system,  with  a 
constant  circulation  of  warm  air  coming  in  around  the  heater. 

Cleanliness  is  essential,  and  brooders  should  be  cleaned  and  aired 
every  day,  if  possible,  and  the  floor  sprinkled  with  sand  or  similar 
material  to  absorb  the  droppings.  The  water  fountains  or  dishes  and 
the  troughs  used  for  soft  feed  should  be  kept  perfectly  clean. 

Incubator  chicks  at  first  are  generally  free  from  lice,  but  durinjg 
warm  weather  lice  are  apt  to  find  their  way  to  the  brooder  and  it  is 
well  to  keep  a  sharp  lookout  for  them. 

The  chicks  should  be  allowed  to  use  the  brooder  until  they  are  from 
6  to  10  weeks  of  age  (depending  largely  on  weather  conaitions  and 
the  development  ot  the  chicks)  when  they  may  be  removed  to  colony 
houses  or  to  coops. 

FEEDING  AND  CABE  OF  CHICXS. 

There  are  two  systems  in  vogue  for  the  feeding  of  chicks  as  well  as 
for  older  fowls — dry  feeding  and  wet  feeding.  The  former  is  the 
simpler  and  easier  one.  The  oeginner  is  advised  to  adopt  the  method 
he  thinks  he  would  prefer  or  would  find  more  convenient  and  follow 
it  until  he  has  a  good  reason  for  modifying  or  changing  it.  Choose 
the  one  or  the  combination  of  the  two  most  suited  to  your  circum- 
stances. There  are  various  methods  of  dry  feeding,  just  as  there  are 
various  methods  of  feeding  rations  composed  in  whole  or  in  part  of 
moistened  mashes  or  cakes.  The  grains  may  be  fed  whole  or  cracked, 
or  a  part  ground  and  mixed  together,  makmg  what  is  called  a  "  dry 
mash."  The  feed  may  be  kept  oef ore  the  chicks  all  the  time  in  hop- 
pers or  troughs,  or  a  part  or  it  may  be  scattered  in  litter  to  induce 
them  to  take  exercise.  Beginners  are  usually  more  successfid  with  a 
dry  grain  chick  feed,  for  the  reason  that  moistened  mashes  are 
thrown  down  carelessly  in  considerable  quantities  and  soon  become 
soiled  with  the  dropping  and  begin  to  ferment. 

The  first  rule  for  getting  a  good  profit  from  poultry  is  to  get  the 
chicks  hatched  early,  and  the  next  is  to  keep  those  chicks  growing  so 
that  they  will  reach  laying  maturity  before  the  commencement  of 
cold  weather.  There  is  no  profit  in  keeping  a  chicken  just  alive, 
whether  it  is  intended  for  laying  stock  or  for  the  market.    One  rea- 
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son  why  more  care  should  be  exercised  in  feeding  chicks  than  in  feed- 
ing fowls  is  that  the  former  know  less  than  the  latter  as  to  what  is 
good  for  them.  The  healthy  chick  is  a  hungry  thing  and  will  eat 
what  is  given  it,  and  the  digestive  organs  being  weak  are  less  able  to 
dispose  of  objectionable  feed  than  are  those  of  older  fowls. 

Kie  first  feed. — The  chicks  should  not  be  fed  until  they  are  24 
hours  old.  Nature  has  provided  for  this  by  the  absorption  of  the 
egg  yolk  into  the  chick^s  abdomen  just  previous  to  hatching.  It 
is  essential  that  this  feed  should  be  digested  and  assimilated  before 
any  other  is  given  to  them.  Many  people  are  in  a  hurry  to  start  the 
chicks  growing  and  hurry  feed  into  their  crops  before  the  system  is 
ready  U>  take  care  of  it.  This  results  in  bowei  trouble  and  very  often 
in  the  death  of  the  chick.  For  the  first  meal  a  hard-boiled  egg 
chopped  fine,  shell  and  all,  mixed  with  three  times  its  amount  of  stalS 
bread  crumbs,  is  good.  In  fact,  boiled  eggs  mashed  and  mixed  with 
three  or  four  times  their  bulk  of  stale  bread  or  cracker. crumbs  is 
excellent  for  pushing  the  young  chicks  along  for  the  first  week  or 
two.  However,  hard-boiled  eggs  are  concentrated  feed,  and  if  fed 
long  and  in  much  quantity  are  likeljr  to  cause  bowel  trouble.  Stale 
bread  soaked  in  whole  milk  or  skim  milk. is  also  very  good  for  feeding 
young  chicks.  After  soaking,  the  milk  should  be  squeezed  out  untu 
the  mass  crumbles  readily. 

Beginning  nse  of  grain  feed. — ^When  the  chicks  are  a  few  days  old 
it  is  well  to  begin  to  feed  a  little  grain.  Millet  seed,  finely  cracked 
com  and  wheat,  "  pinhead  "  oatmeal,  and  broken  rice  may  be  scat- 
tered in  the  litter  or  short  grass  about  the  coop  or  brooder.     It  will 


Eay  to  sift  the  cracked  corn  and  wheat  through  sieves,  so  as  to  remove 
oth  the  meal  and  the  larger  pieces.  A  verv  good  mixture  of  cracked 
grains  for  chicks  is  2  parts  wheat,  2  parts  "  pinhead  "  oatmeal,  1  part 
com,  1  part  rice,  and  1  part  millet  seed.  Another  good  mixture  is  lO 
pounds  cracked  wheat,  4  pounds  cracked  corn,  2  pounds  millet  seed,  2 
pounds  cracked  hulled  oats  or  pinhead  oatmeal,  and  1  pound  fine  beef 
scraps.  There  are  also  many  prepared  chick  feeds  on  the  market 
which  are  very  good. 

Frequency  of  feeding. — Young  chicks  should  be  fed  a  little  at  a  time 
and  often.  Thejr  should  be  fed  early  in  the  morning  and  just  before 
going  to  bed  at  night,  and  not  less  than  three  times  in  the  intervening 
period.  For  the  first  two  weeks  they  may  be  fed  three  meals  of  soft 
feed  and  two  of  hard,  and  after  that  age  two  of  soft  and  three  of 
hard,  feeding  less  soft  feed  as  they  grow  older.  No  more  moistened 
soft  feed  should  be  given  at  one  time  than  they  will  eat  up  clean.  If 
any  is  left  it  should  oe  removed,  for  nothing  causes  more  bowel  loose- 
ness and  dysentery  among  young  chicks  than  sour  feed.  The  finely 
cracked  grains  may  be  safely  used  from  the  start,  but  the  chicks  do 
not  as  a  rule  grow  as  rapidly  as  when  a  part  of  the  feed  is  ground. 
When  the  chicks  are  from  four  to  six  weeks  old,  the  frequency  of 
feeding  may  be  decreased  to  four  times  a  day. 

Green  feed. — Green  feed  must  be  supplied  in  some  form.  If  the 
chicks  are  cooped  on  young  grass  they  will  help  themselves,  but  if 
confined  in  small  yards  green  feed  should  be  given  them.  To  be  easily 
assimilated,  some  tender  and  easily  broken  green  stuff,  should  be  fur- 
nished, such  as  finely  cut  grass  from  the  lawns,  lettuce  leaves,  onion 
tops,  chopped  fine,  or  boiled  vegetables. 
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Animal  feed. — ^When  on  free  range  the  chicks  pick  up  insects  and 
worms.  These  are  most  abundant  during  the  spring  and  summer,  and 
it  is  at  this  time  that  the  chickens  thrive.  When  they  can  not  get 
these  abundantly,  animal  feed  must  be  furnished  in  some  other  form. 
For  the  youngest  chicks  the  hard-boiled  eggs  are  suflScient,  and  as 
the  chicks  grow  older  beef  scraps  and  ffreen  cut  bone  may  be  fed. 

Milk. —  Young  chickens  are  fond  of  milk.  It  is  highly  nutritious 
and  promotes  growth,  and  may  take  the  place  of  other  anunal  feed  to 
some  extent.  Skim  milk  is  excellent ;  ii  whole  milk  is  fed  it  is  well 
to  dilute  it  with  one-third  to  one-half  of  water. 

Grit. — Grit  is  another  necessity.  A  dish  of  chick-size  grit  should 
be  always  before  them,  that  they  may  help  themselves. 

Water. — Fresh,  cool  water  should  be  constantly  accessible,  so  that 
a  drink  can  be  taken  whenever  wanted.  Many  cases  of  cramps  are 
caused  by  letting  the  chicks  become  thirsty  and  then  fill  up  on  water. 

Charcoal. — Many  successful  poultrymen  keep  charcoal  before  the 
chicks,  while  others  equally  successful  never  use  it.  Considering  the 
number  of  successful  growers  who  use  no  charcoal,  it  can  not  be  said 
that  there  is  much  need  of  keeping  it  always  before  chicks,  but  if  they 
are  not  thrifty  it  is  one  of  the  simple  things  to  supply  before  chang- 
ing feed  or  beginning  to  give  medicine. 

Johnnycakes,  etc. — ^Where  only  a  few  chicks  are  raised  the  feeding 
of  johnnycakes  is  often  practiced,  but  when  so  many  chicks  are  kept 
that  the  baking  of  cakes  becomes  burdensome  mash  is  preferable. 
Add  a  little  soda  to  sour  milk  and  stir  in  com  meal  to  make  a  stiff 
batter.  The  addition  of  a  few  infertile  eggs  will  improve  the  cake. 
Bake  until  well  cooked  through.  Make  the  cake  thick  so  as  to  re- 
duce the  proportion  of  crust. 

Other  cakes  may  be  made  as  follows :  One  pint  of  corn  meal,  one- 
half  pint  bran,  1  teaspoonful  meat  meal,  1  raw  egg,  1  teaspoonful 
soda,  add  water  to  make  stiff  batter,  and  bake  two  hours. 

Ten  parts  corn  meal,  3  parts  wheat  middlings,  1  part  meat  meal,  by 
measure ;  mix  with  water  or  skim  milk,  and  bake. 

Exercise. — From  the  very  first  chicks  should  be  induced  to  exercise, 
for  activity  is  a  prime  factor  in  promoting  health  and  growth.  Feed 
grain  in  the  litter  and  make  them  scratch  for  it.  A  little  fiine  chaff 
or  finely  cut  clover  makes  a  good  litter. 

Teaching  the  chicks  to  roost. — It  is  often  advisable  to  teach  the  chicks 
to  roost  when  8  to  12  weeks  of  age.  When  they  are  allowed  to  re- 
main on  the  floor  it  is  difficult  to  keep  them  clean  and  to  keep  them 
from  crowding.  If  wide  roosts — 3  to  4  inches — are  used  there  is  but 
little,  if  any,  more  danger  of  crooked  breasts  than  if  the  chicks  are 
allowed  to  remain  on  the  floor.  The  chicks  can  generally  be  taught 
to  roost  by  putting  the  perches  near  the  floor  and  placing  with  them 
one  or  two  old  hens  or  older  chicks  that  are  in  the  habit  of  roosting. 
If  this  plan  is  inconvenient  or  does  not  prove  effective,  the  chicks 
may  be  placed  on  the  perches  after  dark  for  a  few  nights  until  they 
have  learned  to  go  there  of  their  own  accord. 

Separating  the  sexes. — If  convenient  the  sexes  should  be  separated, 
for  both  the  cockerels  and  the  pullets  will  develop  better.  In  the  case 
of  the  more  precocious  breeds  they  should  be  separated  when  removed 
from  the  hen  or  brooder.     The  more  slowly  maturing  varieties  may 
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be  allowed  to  run  together  somewhat  longer,  but  in  any  case  the  sepa- 
ration should  be  made  before  the  cockerels  begin  to  annoy  the  pullets. 

BBOILEBS,   BOASTEBS,  AND    CAPONS. 
BBOIIiEBS. 

The  rearing  of  broilers  may  be  regarded  as  one  of  the  specialties  of 
the  poultry  business  and  does  not  appeal  particularly  to  the  farmer, 
but  it  can  often  be  made  a  paying  occupation  in  connection  with  an 
egg  farm  or  as  a  winter  employment  for  those  whose  regular  occupa- 
tion gives  them  plenty  of  leisure  at  that  season.  Great  skill  is  re- 
quired to  bring  tnis  work  to  its  highest  perfection,  and  anyone  con- 
templating the  production  of  broilers  on  an  extensive  scale  should  not 
depend  on  written  directions  for  his  guidance,  but  should  make  a 
careful  study  of  the  market  demands  and  should  visit  one  of  the  suc- 
cessful broiler  producers,  for  the  practical  experience  of  such  men  is 
the  safest  guide. 

Broilers  are  young,  plump  chickens,  weighing,  when  dressed,  from 
three-quarters  of  a  pound  to  2  pounds,  and  are  usually  killed  when 
from  six  to  twelve  weeks  old.  The  name  is  derived  from  the  fact 
that  they  are  usually  split  down  the  middle  and  the  halves  broiled. 
The  market  demand  to-day  is  for  broilers  of  three  sizes — squab  broil- 
erSp  small  broilers,  and  large  broilers.  Squab  broilers  when  dressed 
weigh  from  three-quarters  of  a  pound  to  1  pound  each;  small  broil- 
ers, the  size  most  in  demand  the  greater  part  of  the  year,  weigh  from 
1  to  1 J  pounds  each,  and  large  broilers  from  li  to  2  pounds  each.  In 
most  American  markets  a  yellow-skinned  and  yellow-legged  bird  is 
preferred,  but  this  is  not  of  as  much  importance  as  good  quality  of 
meat.  The  raising  of  broiler  chickens  until  the  finishing  period  is 
reached  is  practically  the  same  as  the  raising  of  chickens  for  other 
purposes.    The  main  point  is  to  keep  them  growing  rapidly. 

To  finish  broilers  for  market. — A  fat  broiler  is  quite  a  rarity;  the 
best  that  can  be  done,  in  general,  is  to  have  it  plump,  for  the  natural 
tendency  of  the  chick  is  to  use  all  nutriment  for  growth  and  develop- 
ment. When  the  birds  are  nearly  large  enough  for  the  market  they 
should  be  given  all  the  fattening  feed  they  will  eat,  and  for  this  pur- 
pose corn  m  various  forms  should  be  fed  freely.  They  will  digest 
more  feed  if  fed  ground  than  if  whole  or  cracked.  A  moistened  mash 
consisting  of  about  two-thirds  corn  meal  and  one-third  bran  by  bulk 
is  good.  Cooked  potatoes  are  good,  and  milk,  with  a  little  sugar 
added,  will  hasten  fattening.  Broilers  may  be  sold  alive  or  dressed 
according  to  the  discretion  of  the  grower.  If  dressed  this  should  be 
done  according  to  the  demands  of  the  market  to  which  they  are  to  be 
shipped. 

BOASTERS. 

For  roasting,  a  young  fowl  about  full  grown,  but  still  soft  meated, 
is  used,  and  to  roast  satisfactorily  it  must  be  moderately  fat.  Boast- 
ers are  roughly  classed  as  ''  small  roasters  "  and  "  large  roasters." 
The  greatest  demand  is  for  small  roasters  weighing  4  or  5  pounds 
each,  though  the  demand  for  large  roasters  weighing  8  or  9  pounds 
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each  is  steadily  increasing.    Yellow  skin  and  yellow  legs  are  more 
generally  demanded  than  a  white  skin  and  dark  legs. 

If  the  chickens  have  been  properly  grown  and  are  in  good  healthy 
condition,  about  ten  or  twelve  days'  confinement  in  a  pen  and  small 
yard,  with  fattening  feed,  will  put  them  in  as  good  condition  as  is 
desirable.  They  should  then  be  dressed  and  packed  according  to 
market  demands.  The  growing  and  marketing  of  roasters  is  an 
important  business  in  some  parts  of  the  country,  especially  in 
the  vicinity  of  larffe  cities.  Near  Boston,  in  what  is  known  as  the 
"  South  Shore "  district,  the  production  of  roasters  engages  the 
attention  of  many  people,  several  of  whom  make  it  an  exclusive  busi- 
ness. A  poultryman  living  near  a  good  market  or  having  good 
shipping  facilities  which  bring  a  good  market  near  him  can  often 
dispose  of  his  surplus  cockerels  as  roasters  to  good  advantage. 

CAPONS  AND   CAPONIZING. 

A  capon  is  a  castrated  male  bird.  After  being  caponized  the  bird 
becomes  more  quiet,  is  more  readily  fattened,  the  comb  and  wattles 
cease  to  grow,  and  the  plumage  becomes  heavy  and  glossy.  Capons 
neither  crow  nor  fight  and  are  despised  by  other  fowls.  They  often 
show  a  great  fondness  for  little  chicks,  and  instances  are  not  uncom- 
mon where  they  have  been  utilized  in  rearing  broods  of  chickens.  In 
many  eastern  markets  the  prices  paid  for  dressed  capons  range  from 
20  to  30  cents  a  pound.  The  highest  prices  usuallv  prevail  from  Jan- 
uary to  May,  and  the  larger  the  birds  the  more  tliey  bring  a  pound. 
For  this  reason  the  larger  breeds — such  as  the  Brahma,  Cochin, 
Langshan,  Plymouth  Rock,  or  Wyandotte — are  the  most  suitable. 
If  well  grown,  a  capon  will  weigh  from  10  to  12  pounds  at  1  year 
of  age. 

Fowls  hatched  early  in  the  spring  can  be  caponized  before  hot 
weather  conies,  which  is  an  advantage,  although  no  ill  results  should 
follow  the  operation  at  any  time  or  the  year  if  it  is  properly  done. 
Generally  speaking,  the  bird  should  be  from  2  to  3  months  old  and 
weigh  about  2  pounds,  depending  largely  on  its  development.  A  good 
set  of  tools  is  indispensable  and  can  be  purchased  for  from  $2  to  $3. 
As  a  complete  set  of  instructions  is  furnished  with  each  set  it  is 
unnecessary  to  go  into  details  here.  The  beginner  should,  however, 
operate  on  se\^ral  dead  cockerels  before  attempting  to  operate  on  a 
live  one. 

After  caponizing,  the  bird  should  be  given  plenty  of  soft  feed  and 
should  have  plenty  of  water  to  drink.  The  capon  begins  to  eat 
almost  immediately  after  the  operation  is  performed^  and  no  one 
would  suppose  that  a  radical  change  had  taken  place  m  his  nature. 
Leave  him  to  himself,  as  for  the  time  being  he  is  his  own  doctor.  It 
is  well,  however,  to  look  him  over  two  or  three  days  after  the  opera- 
tion has  been  performed,  for  sometimes  air  gets  under  the  skin,  caus- 
ing a  slight  swelling  or  "  wind  puff."  This  can  be  relieved  by  prick- 
ing through  the  skin  at  one  side  of  the  swelling  with  a  sharp  needle 
and  gently  ])ressing  out  the  air  with  the  hands.  The  wounds  will  heal 
within  ten  days  from  the  operation.  The  capons  should  be  fed  nour- 
ishing but  not  fattening  feed,  the  object  being  to  keep  them  growing. 
They  should  be  allowed  to  grow  until  about  a  year  old,  depending  of 
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course  largely  on  their  maturity,  some  breeds  maturing  much  more 
rapidly  than  others. 

About  three  weeks  before  marketing  place  the  fowls  in  small  yards 
and  feed  them  three  or  four  times  a  day,  giving  plentjr  of  com  and 
other  feed,  or  fatten  them  in  one  of  the  ways  indicated  in  the  section 
following  on  fattening  poultry.  Corn  meal  and  ground  oats,  equal 
parts  by  weight,  moistened  with  water  or  milk,  makes  a  good  mash 
for  fattening  capons. 

In  dressing  capons  leave  the  head  and  hackle  feathers,  the  feathers 
on  the  wings  to  the  second  joint,  the  tail  feathers,  including  those  a 
little  way  up  the  back,  and  the  feathers  on  the  legs  halfway  up  the 
thigh.  These  feathers  serve  to  distinguish  capons  from  other  fowls 
in  the  market.  Do  not  cut  the  head  off,  for  this  is  also  a  distinffuish- 
ing  feature  of  the  capon,  on  account  of  the  undeveloped  comb  and 
wattles. 

FATTENING  POULTEY. 

Four  methods  of  fattening  poultry  are  practiced  in  this  country, 
viz:  Pen  fattening,  crate  fattening,  machine  cramming,  and  hand 
cramming.  The  first  two  are  probably  the  most  common  to-day, 
while  the  third  is  gaining  rapidly  as  its  results  are  becoming  better 
known,  and  the  fourth  is  used  only  where  but  few  birds  are  fattened. 

PEN  FATTENING. 

Pen  fattening  is  practiced  by  a  great  many  people  who  do  not  have 
the  time  and  inclination  to  use  other  methods.  The  essentials  of 
pen  fattening  are  quiet,  darkness,  except  at  feeding  time,  and  plenty 
of  soft  feed  given  at  regular  intervals,  usually  three  times  a  day. 
Birds  may  be  kept  in  flocks  of  15  or  20,  but  the  sexes  ^ould  be 
separated. 

CBATE  FATTENING. 

In  crate  fattening  a  few  fowls  are  confined  in  crates  and  fed  from 

a  trough.     A  crate  6  feet  long,  18  inches  high,  and  18  or  20  inches 

vide    *s  suitable  and  is  large  ^^^  "'i^h  for  a  dozen  birds.     Sometimes 

'ic^     ■  crate  is  divided  into  tw.        *>^   ^^  compartments,  4  to  6  birds 

-  placer    ri  each  c^^r)artr»*-.  -    •  kittle  room  for  the  birds  to 

•  rvj  £)'-^  1     -    Jf^ciraKi.     or    »      ^^,  -^  a  bird  obtains  the  more 
»^i^                      •                                     •'      '^'^^  of  the  crates  should 

'            ^                                        ■    '  ^   ^ey  are  to  be  in  a 

•«>  X  -^  slats  should  be  2 

•  IX,      -         '■•  Vom  the  troughs, 

^^^^     *         ••         •-          '-^            ■  .ucS  of  the  bottom 

tiiiit  the  dropping  to 
•     •  ....         .n^vV    %e  placed  m  a 

■  ,'•       411     •   fu^d  be  admitted 

•        -inl        A  three  times  a 

'<»▼•-»  I         ..       ^mr   ^QQ 
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KACHINE  CKAMMTNG. 

For  the  best  results  a  machine  is  essential,  especially  for  the  last 
ten  days,  for  otherwise  the  birds  will  not  eat  nearly  so  much  as  they 
can  digest  and  assimilate. 

Figure  14  shows  a  cramming  machine  in  operation  at  one  of  the 
large  poultry  establishments  in  New  York  State.  A  reservoir  under 
which  is  placed  a  small  force  pump  operated  by  means  of  a  lever 
worked  by  the  foot  is  placed  on  a  tripoa.  A  tube  is  fixed  to  one  end 
of  the  pump,  through  which  the  feed  passes  when  the  lever  rod  is 
lowered.  This  tube  is  of  rubber  or  metal.  If  rubber,  it  may  have  a 
metal  point.  Metal  tubes  are  more  easily  kept  clean.  The  feed  is 
placed  in  the  reservoir,  and  is  made  into  the  consistency  of  thick 
cream.  There  are  several  ways  of  holding  the  bird,  but  the  following 
will  be  found  sim- 
ple and  effective : 
Fold  the  wings 
and  grip  the  bird 
firmly  either  be- 
tween the  right 
elbow  and  side  of 
the  body,  as  shown 
in  the  illustration, 
or  between  the  left 
elb'ow  and  the 
body,  whichever  is 
the  more  conven- 
ient. The  head  is 
grasped  in  the  left 
hand,  the  first  fin- 
ger being  placed  in 
the  mouth  to  keep 
it  open.  The  tube 
is  placed  in  the 
mouth  and  the  bird 
is  g:ently  drawn  on 
until  the  end  of  the 
tube  reaches  the 
crop,  the  neck  be- 
ing elongated  as 
much  as  possible.  The  lever  bar  is  gently  lowered  by  the  foot  and  the 
food  is  thus  forced  into  the  crop.  One  hand  is  kept  on  the  crop  and 
as  soon  as  it  is  sufficiently  full  the  foot  is  removed  from  the  lever  and 
the  bird  is  gently  removed.  The  operator  soon  learns  to  know  when 
the  crop  is  full.  Xo  stated  amount  that  should  be  fed  to  an  indi- 
vidual can  be  given,  for  the  quantity  varies  with  the  size  of  the  crop. 
Great  care  should  be  taken  in  preparing  the  feed  to  see  that  there  are 
no  lumps,  for  the  tube  is  small  and  easily  becomes  blocked. 

HAND  CBAMMIKG. 

Hand  cramming  is  a  good  system  where  but  few  fowls  are  being 
fattened,  but  would  be  found  rather  laborious  where  many  are  fat- 
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Fig  14.— Cramming  machine  in  operation. 
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tened.  The  feed  is  made  into  boluses,  or  balls,  which  should  be  about 
2  inches  long  and  one-half  inch  in  diameter.  A  large  number  of 
these  are  prepared  before  commencing  to  feed.  The  operator  sits 
on  a  stoof  or  box,  firmly  grips  the  lowl  between  his  knees,  and 
elongates  the  neck,  holding  the  head  in  a  similar  manner  to  that 
described  in  using  the  cramming  machine.  He  then  dips  a  bolus  in 
skim  milk  or  water  and  forces  it  into  the  bird's  mouth,  pressing  it 
down  the  throat  with  his  finger.  The  neck  above  the  bolus  is  then 
gripped  with  the  thumb  and  first  finger,  which  are  run  downward 
along  the  neck,  forcing  the  bolus  into  the  crop.  It  will  probably  take 
from  14  to  18  of  these  boluses  to  fill  the  crop,  depending  on  its 
capacity.  Some  feeders  practice  this  method  in  connection  with  crate 
fattening.  The  attendant,  after  feeding  in  the  crates,  feels  the  crop 
of  each  bird,  and  any  not  having  a  sufficiently  filled  crop  are  crammed 
in  the  manner  described. 

FEED  FOB  FATTENING. 

Fattening  birds  should  always  receive  soft  feed.  As  they  have  no 
exercise  they  require  a  feed  that  can  be  quickly  and  easily  digested. 
The  following  mixture  is  fed  at  the  New  York  establishment  referred 
to  under  the  description  of  the  cramming  machine:  100  pounds 
finely  ground  barley,  100  pounds  finely  ground  corn,  100  pounds  finely 
ground  oats  (with  hulls  sifted  out) ,  to  which  mixture  is  added  10  per 
cent  of  beef  scraps.  Buttermilk  or  skim  milk  is  used  for  mixing, 
the  former  being  preferred.  A  little  salt  is  sometimes  added.  The 
birds  are  fed  twice  a  day  at  intervals  of  twelve  hours,  and  are  crammed 
for  about  three  weeks.  It  is  important  that  the  intervals  between  the 
feedings  should  be  as  nearly  equal  as  possible. 

Another  ration  may  be  made  as  follows:  100  pounds  ground  oats, 
100  pounds  ground  com,  50  pounds  flour,  4  pounds  tallow. 

HAEKETINQ  POTJLTEY  ASB  POULTEY  FBODTTCTS. 

A  large  part  of  the  profit  in  poultry  keeping  often  depends  on  the 
marketing  of  the  products,  and  the  producer  should  study  the  market 
demands  as  to  hf  '  where,  and  when  to  dispose  of  the  products  to  the 
best  advanta^  ui  a^^^^^qctive  appearance  is  of  prime  importance, 
'^nd  tl>''  ^  -^-^  -  =^^'1  -^i^^y  the  details  of  killing,  dressing,  and 
3ackii*f  '       '    ^^      ^^'^   D^'^'^ucts  i^i  the  best  possible  manner, 

'"^e  req-' r<L,,.^      ,p-     .aplrin,     romr  -^^omcwhat  in  differ- 

■  14;  marine        •       -^^      —  -     -  ^^lal  requirements 
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'^•■•>- .                    •     •                 ...  A  v^iii  eighteen  to 

c,*  .                                                           -  •    •        -.  to  be  drawn,  in 

vii'-^^              ...                              .  -^Qi,  ten  hours  before 
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through  the  mouth.  As  soon  as  this  vein  is  cut  run  the  point  of  the 
knife  through  the  roof  of  the  mouth  into  the  brain,  which  causes  the 
bird  to  lose  all  sense  of  feeling.  Instead  of  piercing  the  brain  the 
fowl  can  be  paralyzed  by  a  blow  on  the  head. 

Dry  picking. — -In  most  markets  dry-picked  birds  are  preferred. 
Immediately  after  killing,  while  the  bird  is  still  bleeding,  the  picker 
should  remove  the  feathers,  being  careful  not  to  tear  the  skin.  If  the 
picker  waits  until  the  bird  is  partiallv  cold,  the  feathers  will  be 
removed  with  difficulty.  As  soon  as  picked  the  fowls  should  be  hung 
in  a  cool  place  until  thoroughly  cola.  If  the  weather  is  warm  and 
fowls  are  to  be  packed  in  ice,  they  should  be  placed  in  a  tank  of  ice 
water  and  left  until  all  the  animal  heat  has  left  the  body. 

Scalding. — When  birds  are  scalded  before  removing  the  feathers 
they  are  immersed  in  hot  water,  which  should  be  a  little  below  the 
boiling  point,  as  soon  as  they  are  through  bleeding.  The  birds  should 
be  immersed  three  or  four  times  and  then  picked  clean,  care  being 
taken  not  to  break  the  skin.  The  fowl  should  next  be  "  plumped  "  by 
dipping  it  in  nearly  boiling  hot  water  for  eight  or  ten  seconds  and 
then  placing  it  in  cold  water,  where  it  should  remain  for  fifteen  or 
twenty  minutes.  Be  careful  not  to  overscald,  as  this  will  cause  the 
outer  surface  of  the  skin  to  rub  off.  If  the  fowls  are  to  be  shipped  dry 
they  should  be  hung  up  until  the  skin  becomes  thoroughly  dry.  If 
they  are  to  be  packed  m  ice  they  may  be  left  in  the  cold  water  for 
several  hours  or  until  they  are  to  be  packed. 

Drawing. — ^When  the  poultry  is  to  be  drawn  this  should  be  done 
before  the  bird  is  cooled.  A  slit  should  be  made  from  near  the  end 
of  the  keel  bone  toward  the  vent,  large  enough  to  admit  the  fingers. 
Then  cut  carefully  around  the  vent  and  pull  out  the  intestines^  leaving 
in  everything  else  unless  the  market  requirements  are  otherwise. 

Packing. — ^Vhen  the  birds  have  been  thoroughly  cooled  they  are 
ready  for  packing.  Packages  for  dressed  poultry  vary  greatly,  but 
they  should  be  neat  and  clean  and  small  enough  to  be  easuy  handled. 
The  inside  of  the  box  or  barrel  should  be  lined  with  clean,  unprinted 
paper.  Pack  the  birds  solidly  so  that  they  will  not  shift  in  the  pack- 
age, but  be  careful  not  to  bruise  them.  For  delivery  to  retail  custom- 
ers pasteboard  boxes  of  sufficient  size  to  hold  one  or  two  birds  are 
very  satisfactory.  When  poultry  is  to  be  packed  in  ice^  barrels  are 
generally  used,  packing  them  with  alternate  layers  of  birds  and  ice, 
the  latter  forming  the  top  and  bottom  layers. 

SHIPPINQ  LIVE  POUIiTBT. 

Poultry  of  all  kinds  can  be  shipped  alive,  and  will  often  net  the 
shipper  as  much  as  when  dressed.  Good  live  fowls  will  usually  bring 
more  than  the  same  fowls  poorly  dressed.  For  shipping  live  poultry 
to  market  well  constructed  slatted  crates  are  desirable,  as  these  crates 
provide  for  ventilation.  This  is  important,  for  in  crowded  express 
cars  the  crates  are  frequently  piled  on  top  of  one  another.  Over- 
crowding is  to  be  avoided,  and  if  large  coops  are  used  they  should  be 
equipped  with  partitions  to  prevent  the  birds  being  thrown  together 
at  one  end  when  the  crate  is  tipped  in  handling.  If  possible  place 
only  one  variety  in  a  coop  or  in  one  division  of  a  coop, 
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SOBTING,  PACKING,  AND  SHIPPING  EGGS. 

Eggs  to  be  placed  on  the  market  should  be  carefully  sorted  and 
packed  as  to  size,  shape,  and  color.  It  is  better  not  to  put  eggs  hav- 
ing different  colored  shells  in  the  same  package,  neither  should  eggs 
varying  much  in  size  be  placed  in  the  same  package.  Every  egg 
should  be  perfectly  clean,  and  if  slightly  soiled  it  may  be  wiped 
clean  with  a  damp  cloth.  If  badly  soiled,  the  eggs  diould  be  dis- 
carded, for  the  washing  required  to  clean  them  injures  their  appear- 
ance. The  discarded  eggs  can  be  disposed  of  at  some  of  the  cneaper 
and  less  exacting  markets.  Eggs  may  be  placed  in  large  shippmg 
cases  or  in  small  pasteboard  boxes,  according  to  how  they  are  to  l« 
marketed. 

TESTING  EGGS. 

When  supplying  a  fancy  trade  with  eggs,  or  on  receiving  eggs 
from  outsioe  sources,  it  is  often  desirable  to  determine  their  fresh- 
ness. The  method  generally  used  by  commission  merchants  for  this 
Eurpose  is  known  as  "candling,"  and  consists  in  holding  the  egg 
etween  the  eye  and  a  light  so  as  to  note  the  contents.  This  should 
be  done  in  a  darkened  room,  using  one  of  the  egg  testers  on  the 
market  or  the  simple  homemade  tester  described  on  page  28  under 
the  heading  "  Testing  the  eggs."  The  air  space  in  a  perfectly  fresh 
egg  is  very  small,  and  as  the  egg  loses  part  or  its  contents  by  evimora- 
tion  this  air  space  increases  in  size  with  the  age  of  the  egg.  Fresh 
eggs  should  appear  clear  and  bright,  showing  no  daric  spots.  Those 
accustomed  to  "  candling  "  soon  learn  to  detect  stale  eggs  with  a  good 
degree  of  accuracy  and  rapidity. 

Another  method  employed  by  some  who  have  not  a  great  number 
to  test  is  to  put  the  eggs  in  a  basin  of  water.  If  good  they  will  lie 
on  their  sides;  if  bad  they  will  stand  on  the  small  ends.  The  oldei* 
the  egg  the  more  upright  it  stands,  and  if  very  old  it  wiU  be  sus- 
pended in  the  water  or  even  float  on  the  surface. 

METHODS  OF  SELLING. 

There  are  three  general  ways  in  which  poultry  products  may  be 
marketed:  First,  selling  direct  to  the  consumer;  second,  selling  direct 
to  the  retailer,  and,  third,  selling  to  commission  merchants  for  sale 
on  the  open  market. 

Selling  direct  to  the  consumer. — This  is  generally  considered  the 
most  profitable  method  of  disposing  of  high-grade  goods,  for  the 
charges  of  middlemen  are  eliminated.  The  producer  is  often  so 
situated  that  he  can  build  up  a  retail  trade  among  the  families  of  a 
neighboring  city  or  village,  delivering  his  goods  direct  to  the  cus- 
tomer once  or  twice  a  week,  or  oftener  if  desirable.  In  this  way  he 
can  usually  secure  a  substantial  increase  over  prices  paid  in  the  open 
market.  This  is  especially  true  in  the  case  of  strictly  fresh  eggs.  It 
is  also  often  possible  to  secure  customers  in  a  city  that  is  within 
reasonable  shipping  distance,  expressing  to  them  a  stated  amount  of 
eggs  and  dressed  poultry  at  regular  intervals  (once  or  twice  a  week). 
Hotels,  restaurants,  and  clubs  are  good  customers,  which  can  be  sup- 
plied in  this  way  by  contract. 
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Selling  direct  to  the  retailer. — There  are  oiten  many  grocery  and 
provision  dealers  who  cater  to  a  select  trade  to  whom  the  producer 
can  sell  regular  supplies  of  fresh  eggs  and  pjoultry. 

Selling  to  commission  merchants. — This  is  the  simplest  method  of 
disposing  of  the  produce,  as  it  does  away  with  the  expense  and 
trouble  involved  in  a  private  trade,  but  the  returns  are  usually  not  so 
great,  except  when  dealing  with  certain  commission  houses  that  have 
built  up  a  line  trade  along  certain  lines. 

Which  of  the  above  methods  will  pay  him  best  is  a  question  for  the 
producer  to  decide  for  himself.  It  is  largely  a  question  of  market 
conditions,  personal  circumstances,  and  the  Kind  of  business  done, 
whether  large  or  small. 

PBESEBVINQ  EOOS. 

Many  people  wish  to  preserve  eggs  for  home  consumption,  and  so 
a  few  methods  are  given  which  have  proved  sufficiently  satisfactory 
to  warrant  the  preservation  of  eggs  for  home  use. 

Eggs  to  be  stored  should  be :  JFirst,  from  hens  that  have  no  males 
running  with  them,  because  an  infertile  egg  keeps  longer,  even  with- 
out the  use  of  a  preservative,  than  a  fertile  egg;  second,  perfectlv 
fresh,  for  not  only  will  they  keep  much  better,  but  if  an  egg  which 
has  begun  to  decay  is  placed  in  tne  same  vessel  with  fresh  ones  it  is 
likelv  to  affect  all  the  surrounding  eggs,  and,  third,  perfectly  clean, 
for  filth  of  any  kind  adhering  to  the  shell  will  taint  the  preserving 
medium  and  thus  taint  the  other  eggs. 

In  placing  eggs  in  the  preservative  be  careful  not  to  crack  the 
shells.  Keep  them  in  a  moderately  cool  room  where  the  tempera- 
ture may  be  kept  fairly  constant.  A  dry,  clean  cellar  is  a  suitable 
place. 

Water-glass. — Of  the  manv  methods  which  have  been  tried  for  pre- 
serving eggs  on  a  small  scale  none  has  proved  more  successful  tlian 
the  use  or  water-glass  (sodium  silicate).  This  is. a  very  cheap 
product  that  can  usually  be  procured  at  not  to  exceed  60  cents  a 
gallon,  and  1  gallon  will  make  enough  solution  to  preserve  60  dozen 
eggs,  so  that  uie  cost  of  material  would  not  exceed  1  cent  a  dozen. 
Pure  water  that  has  been  boiled  and  then  cooled  should  be  used.  To 
each  16  to  20  quarts  of  water  1  quart  of  water-glass  should  be  added. 
The  solution  should  be  prepared,  placed  in  the  jar  or  other  suitable 
vessel,  and  the  fresh  eggs  added  from. time  to  time  until  the  jar  is 
filled,  but  be  sure  that  there  is  2  inches  of  the  solution  covering  the 
eggs.  The  eggs  should  not  be  washed  before  packing,  for  washing 
injures  the  keeping  quality,  probably  by  dissolving  the  mucilagi- 
nous coating. 

Limewater. — A  good  limewater  preservative  may  be  made  as  fol- 
lows: Thirty  gallons  of  water,  10  pounds  of  salt,  one-half  bushel  of 
finely  slaked  nme.  After  mixing  thoroughly  allow  the  solution  to 
stand  two  or  three  days  and  then  remove  the  clear  liquid  by  dipping 
or  by  means  of  a  siphon.  Place  the  liquid  in  a  tub  or  other  suitable 
receptacle  and  place  the  eggs  therein,  or  the  eggs  may  be  placed  in 
the  vessel  first  and  the  limewater  poured  over  them.  Have  about  2 
inches  above  the  eggs.  Limed  eggs  can  be  discerned  by  the  roughness 
of  the  shell. 

Before  boiling  eggs  which  have  been  preserved  in  liie  foregoing 
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ways,  the  shell  should  be  punctured  with  a  needle,  otherwise  it  is  apt 
to  crack  as  soon  as  placed  in  hot  water,  owing  to  the  pores  being 
closed. 

Salt  and  bran. — ^Eggs  can  be  preserved  for  several  months  in  dry 
salt.  Have  at  least  2  inches  above  the  upper  layer  of  eggs.  Pack- 
ing in  bran  has  also  been  found  satisfactory  in  many  cases. 

Cold  storage. — ^This  is  undoubtedly  the  best  and  most  jjractical 
method  for  preserving  eggs  in  large  quantities  in  a  commercial  way. 
As  the  processes  by  which  a  low  temperature  can  be  maintained  for 
an  indefinite  period  have  become  more  and  more  improved  the  greater 
has  been  the  number  of  e^gs  so  stored,  until  the  cold-storage  business 
has  reached  such  proportions  that  it  has  a  considerable  influence  on 
the  price  of  eggs,  tending  to  lower  it  in  winter  and  raise  it  in  summer. 
Cold  storage,  however,  is  not  usually  available  or  practicable  for  pre- 
serving eggs  in  a  small  way  for  home  use. 

DISEASES,  BAD  HABITS,  AITD  INSECT  PESTS. 

It  is  not  the  purpose  of  this  article  te  go  into  the  details  of  the 
various  diseases  of  poultry,  but  simply  to  consider  briefly  some  of  the 
common  ailments  and  to  give  some  of  the  simple  remedies.  Preven- 
tion is  better  than  cure,  so  it  will  be  well  to  consider  some  of  the  more 
frequent  causes  of  diseases  in  general.  Filth,  dampness,  improper 
ventilation,  improper  feeding,  and  the  introduction  of  infected  birds 
inte  the  yard  may  be  mentioned  as  some  of  the  most  common  causes. 

IMFOBTAKCE    OF    CLEANLINESS. 

Everything  about  a  poultry  house  should  be  kept  reasonably  dean. 
As  a  rule  droppings  should  be  removed  daily,  for  the  accumulation  of 
excrement  harbors  parasites,  contaminates  the  air,  and  breeds  conta- 
gion. After  the  dropping  boards  have  been  cleaned,  they  should  be 
sprinkled  with  road  dust,  coal  ashes,  land  plaster,  or  air-slaked  lime  to 
absorb  the  liquid  excrement.  Nests  in  which  straw  or  other  similar 
material  is  used  should  be  cleaned  out  and  new  straw  put  in  about 
once  every  three  or  four  weeks,  or  oftener  if  it  becomes  damp  or 
dirty. 

The  quarters  should  be  thoroughly  whitewashed  at  least  once  a  year, 
late  in  summer  or  early  in  the  tall.  The  whitewash  can  be  made  by 
slaking  lime  in  boiling  water  and  then  thinning  to  the  proper  consist- 
ency for  applying.  The  addition  of  4  ounces  of  carbolic  acid  to  each 
gallon  of  whitewash  will  increase  its  disinfecting  power.  The  runs 
should  be  plowed  occasionally  in  order  to  bury  the  accumulated  drop- 
pings and  also  to  turn  up  fresh  soil. 

DISEASES. 

T\Tien  a  disease  has  become  firmly  established  in  a  flock  or  a  single 
bird  is  badly  affected,  the  free  use  of  the  hatchet  is  usually  the  most 
practical  method,  as  it  does  not  pay  to  spend  two  dollars  worth  of 
time  in  curing  a  one-dollar  bird.  Slight  cases,  however,  can  often  be 
cured  with  but  little  trouble.  In  nearly  every  instance  it  is  better  to 
remove  the  well  fowls  and  put  them  by  themselves,  and  in  ibe  case  of 
infectious  disease  the  premises  should  be  thoroughly  disinfected. 
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Apoplexy. — ^This  is  a  disease  of  the  brain  caused  by  the  rupture  of 
one  of  the  blood  vessels.  The  bird  is  attacked  suddenly  and  falls 
down,  apparently  dead  or  nearly  so.  The  usual  cause  is  too  hi^ 
feeding,  but  it  may  also  be  due  to  some  other  provocation,  such  as 
sudden  fright,  violent  exertion,  or  straining  in  laying  eggs.  Fowls 
are  sometimes  found  dead  on  the  nest  or  under  the  perches.  There  is 
usually  no  previous  warning,  and  so  in  most  cases  treatment  is  impos- 
sible, as  the  bird  usually  dies  almost  immediately.  When,  however, 
the  sufferer  is  still  alive  pierce  a  vein  on  the  underside  of  the  wing 
and  let  it  bleed  freely.  This  will  reduce  the  pressure  on  the  brain 
and  often  result  in  a  cure.  The  bird  should  then  be  kept  on  a  limited 
diet  for  some  time  in  order  to  reduce  the  surplus  fat.  As  preventive 
measures,  regulate  the  diet  and  give  plenty  of  exercise. 

Vertigo. — -This  is  also  a  disease  of  the  brain  and  may  be  regarded  as 
a  minor  kind  of  apoplexy.  The  bird  shows  giddiness,  throwing  its 
head  upward,  backward,  or  to  one  side.  The  gait  is  uncertain  and 
staggering,  the  sufferer  often  running  around  in  a  circle.  Sometimes 
the  bird  falls  to  the  ground,  fluttering  and  making  convulsive  move- 
ments with  the  legs.  The  bird  can  often  be  revived  by  holding  its 
head  under  a  stream  of  cold  water.  After  this  keep  the  bird  in  a  cool 
and  shady  place  for  some  time  and  regulate  the  diet. 

Bronchitis. — Bronchitis  is  a  cold  accompanied  by  a  rattle  in  the 
throat  or  by  a  cough,  and  may  be  caused  by  exposure  to  dampness  or 
cold  temperature  or  by  drafts  of  air.  In  the  majority  of  cases  the 
removal  of  the  cause  and  good  care  will  result  in  a  cure.  Inhalation 
of  steam  or  vapor  from  boiling  water  has  been  found  beneficial. 
Giving  a  teaspoonful  of  equal  parts  of  cider  vinegar  and  water  has 
proven  successful  in  some  cases. 

Catarrh. — Catarrh  is  a  form  of  cold  that  is  quite  common  among 
fowls,  and  may  be  caused  by  dampness,  drafts  of  air,  or  exposure  to 
cold.  It  is  indicated  by  a  watery  discharge  at  the  nostrils,  which 
later  becomes  more  viscid.  Remove  the  cause,  keep  the  birds  fairly 
warm,  and  give  them  plenty  of  easily  digested  feed.  The  injection 
of  kerosene  into  the  nostrils  is  also  beneficial.  This  may  be  done 
with  a  small  syringe,  a  medicine  dropper,  or  a  small  oil  can.  If 
catarrh  has  become  confirmed,  the  nostrils  and  throat  should  be 
cleansed  with  hydrogen  peroxide  and  equal  parts  of  water  several 
times  daily,  and  the  nostrils  greased  with  vaseline. 

Diphtheria. — The  marked  symptom  is  the  appearance  of  a  diseased 
growth  in  the  throat  and  inside  of  the  mouth,  resembling  raised 
patches  of  whitish  or  pale-yellowish  skin,  which  may  invade  the 
entire  throat  and  mouth,  often  also  appearing  like  ulcers  or  sores 
on  the  face,  comb,  and  about  the  eyes.  Make  a  swab  of  cotton  tied 
on  the  end  of  a  stick  and  swab  out  the  mouth  with  hydrogen  peroxide. 
Remove  any  of  the  growths  that  come  away  easily.  This  disease  is 
very  contagious,  and  any  birds  suffering  from  it  should  be  removed 
from  the  flock  and  the  premises  disinfected. 

Eonp,  or  contagions  catarrh. — The  first  symptoms  of  this  disease  are 
similar  to  those  of  simple  catarrh,  but  as  the  disease  advances  there 
is  often  swelling  of  the  sides  of  the  head  and  the  nostrils  become 
closed  with  thick  mucus,  causing  the  bird  to  breathe  through  the 
mouth.  If  the  swellings  contain  pus,  they  should  be  opened  with  a 
sharp  instrument,  the  contents  removed,  and  the  wound  treated  with 
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a  mild  antiseptic,  such  as  a  9  per  cent  solution  of  carbolic  acid. 
The  application  of  kerosene  mixed  with  an  equal  part  of  olive  oil 
has  given  good  results  in  many  cases.  When  a  fowl  has  a  bad  case 
of  roup,  it  is  usually  better  to  kill  it,  unless  especially  valuable. 

Pip. — This  is  a  condition  of  the  tongue  caused  by  some  such  ail- 
ment as  a  cold,  which  comj)els  the  bird  to  breathe  through  the  mouth. 
The  continual  passing  of  air  over  the  tongue  causes  it  to  become  dry, 
hard,  and  scaly,  especially  about  the  tip.  The  best  remedy  is  to 
remove  the  cause,  also  wet  the  tongue  two  or  three  times  a  day  with 
a  mixture  of  glycerin  and  water,  equal  parts. 

Bumble  foot. — ^This  is  caused  by  oruises  on  the  bottom  of  the  foot, 
and  is  often  due  to  the  fowls  having  to  fly  from  rather  high  perches 
and  alighting  on  hard  and  uneven  surfaces.  Remove  the  cause  by 
lowering  the  perches.  If  the  foot  is  swollen  and  the  swelling  is  filled 
with  pus,  it  should  be  lanced  and  the  pus  permitted  to  escape.  The 
wound  should  then  be  washed  out  with  a  2  per  cent  carbolic-acid  solu- 
tion, greased  with  vaseline,  and  wrapped  with  a  piece  of  cloth. 

Cholera. — This  is  a  contagious  disease  causea  by  bacteria,  and  is 
usually  brought  in  by  the  introduction  of  infected  birds  or  by  water 
or  feed  contaminated  by  the  excrement  of  sick  birds.  It  is  also  pos- 
sible for  fowls  to  be  iniected  through  wounds  or  even  by  the  inhala- 
tion of  germs  in  the  form  of  dust  The  symptoms  include  great  thirst 
and  the  voiding  of  feces  of  which  the  part  normally  white  is  yellow. 
This  is  not  a  sure  indication  of  the  disease,  for  the  same  thing  may 
occur  as  the  result  of  other  disorders.  Diarrhea  is  generally  a  promi- 
nent symptom,  the  droppings  being  thin  and  voided  frequently,  and 
in  the  later  stages  the  yellow  portion  may  change  to  green;  the  fowl 
becomes  depressed,  the  feathers  become  ruffled,  the  comb  becomes 

Sale  or  very  dark,  and  the  bird  has  a  poor  appetite.  Sometimes  the 
isease  runs  rapidly  through  a  flock,  destroying  the  greater  part  of 
the  birds  in  a  week,  or  it  may  assume  a  more  chronic  form,  extend 
slowly,  and  remain  on  the  premises  for  several  weeks  or  months. 
Fowls  afi'ected  with  this  disease  usually  die  within  thirty-six  hours. 
Most  so-called  cases  of  cholera  are  simply  diarrhea. 

In  most  cases  medical  treatment  for  cholera  has  proved  unsatisfac- 
tory. The  best  method  of  combating  this  disease  is  to  carry  out 
strfct  sanitary  precautions  as  regards  cleanliness  and  disinfection,  and 
to  totally  destroy  the  carcasses  of  dead  birds.  Droppings  should  be 
burned  or  thoroughly  disinfected  by  mixing  with  a  10  per  cent  solu- 
tion of  carbolic  acid.  Disinfect  the  building  by  spraying  thoroughly 
with  a  5  per  cent  solution  of  carbolic  acid,  and  then  whitewash. 

Crop  bound. — The  crop  sometimes  becomes  overloaded  with  feed, 
and  its  thin  muscular  walls  become  distended  and  partially  paralyzed, 
so  that  the  organ  can  not  be  emptied,  or  the  opening  into  the  lower 
esophagus  may  become  clogged  with  a  feather,  a  straw,  or  some  other 
substance  which  the  bird  has  swallowed.  The  crop  is  greatly  dis- 
tended and  the  mass  of  feed  is  rather  hard  and  firm.  In  both  cases 
the  symptoms  are  the  same  and  treatment  should  be  conducted  on  the 
same  principles.  For  treatment  pour  one-fourth  to  one-half  ounce 
ot  melted  lard  or  sweet  oil  down  the  throat  and  manipulate  the  con- 
tents of  the  crop  with  the  hand  in  such  a  way  as  to  tend  to  break  up 
the  mass.  Unless  the  passage  is  closed  the  contents  of  the  crop  wiU 
usually  pass  away  withm  a  few  hours.   For  a  few  days  feed  diould  be 
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limited  in  quantity.  If  the  foregoing  method  is  ineffectual  and  an 
operation  becomes  necessary,  clip  away  the  feathers  from  a  portion  of 
the  crop  and  with  a  very  sharp  knife,  lancet,  or  razor  make  an  incision 
about  1^  inches  long  through  the  skin  and  the  wall  of  the  crop.  Then 
carefully  remove  the  contents  of  the  crop;  with  the  finger,  the  handle 
of  a  spoon,  or  some  other  convenient  object,  and  wash  out  the  crop 
with  warm  water.  Pass  the  finger,  well  oiled,  into  the  esophagus  to 
see  there  is  no  obstruction.  Sew  up  the  wall  of  the  crop  first  and 
then  the  outer  skin,  using  white  silk  or  linen  thread,  being  careful  not 
to  sew  the  two  membranes  together,  and  in  a  few  days  the  wound 
will  be  healed.  Feed  sparingly  on  whole  grains  until  the  wound 
heals,  and  do  not  give  any  water  for  twenty-four  hours. 

Diarrhea. — ^This  is  caused  by  some  irritation  of  the  digestive  system, 
and  may  be  due  to  the  quantity  of  the  feed,  the  quality  of  the  feed  or 
drinking  water,  or  to  climatic  conditions  to  which  the  fowl  has  been 
exposed.  There  is  a  general  depression,  roughness  of  plumage,  and 
a  loss  of  appetite,  and  usually  frequent  expulsion  of  soft,  whitish^  yel- 
lowish, or  greenish  excrement,  the  droppings  becoming  more  licjuid 
until  severe  diarrhea  is  present.  ^Vhen  tne  affection  is  at  all  serious, 
the  excrement  may  become  mixed  with  mucus  or  blood.  It  is  impor- 
tant that  the  cause  be  sought  out  and  removed.  See  that  the  birds 
have  comfortable  quarters  and  that  they  are  not  exposed  to  drafts, 
cold  or  dampness.  If  taken  early,  diarrhea  can  often  be  checked  by 
reducing  the  amount  of  green  and  animal  feed  and  feeding  largely  on 
dry  feed,  eliminating  the  moist  mash.  Give  a  tablespoonful  of  sweet 
(olive)  oil  as  a  laxative  to  carry  off  any  irritating  matters  that  may 
be  in  the  intestine.  In  severe  cases  give  5  to  10  drops  of  laudanum 
to  each  bird. 

Gapes. — Gapes  is  caused  by  the  presence  of  small  worms,  which  are 
attached  to  the  lining  of  the  trachea  or  windpipe,  where  they  cause 
much  irritation  and  often  death  to  young  chickens.  Gapes  usually 
occur  when  the  chicks  are  from  2  to  6  weeks  old.  Separate  the  well 
from  the  sick  birds  and  clean  the  coops,  pens,  and  leed  and  water 
dishes  by  disinfecting  with  a  5  per  cent  solution  of  carbolic  acid. 
Sometimes  the  worms  can  be  removed  from  the  trachea  by  inserting 
a  feather  moistened  with  turpentine  or  kerosene.  The  oil  will  cause 
the  dislodgrnent  of  the  worms,  and  some  will  be  drawn  out  with  the 
feather  while  others  will  be  expelled  by  coughing  or  sneezing.  Place 
the  chicks  on  a  piece  of  paper,  so  that  the  worms  may  be  caught  and 
burned. 

Freezing  (frostbite). — If  the  comb  or  wattles  of  fowls  become 
frozen,  and  it  is  discovered  before  they  thaw  out,  apply  snow  or  cold 
water  to  remove  the  frost,  for  this  gradual  thawing  will  often  save 
them.     Then  apply  vaseline  to  the  affected  parts  twice  a  day. 

Scaly  legs. — This  is  caused  by  a  mite  which  burrows  under  the 
scales  of  the  feet  and  shanks,  and  is  considered  to  be  infectious,  but 
does  not  spread  rapidly.  It  is  noticed  most  frequently  in  old  fowls. 
The  scales  can  be  removed  by  soaking  the  feet  and  shanks  in  warm, 
soapy  water  and  by  rubbing  or  brushing  them  off  with  a  toothbrush 
or  nailbrush.  After  the  scales  have  been  removed  apply  sulphur 
ointment  or  equal  parts  of  melted  lard  and  kerosene.  The  frequent 
application  of  kerosene  has  also  been  found  effectual  without  the 
previous  soaking  in  water. 
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CMcken  poz^  or  sore  head. — This  is  a  contagious  disease  caused  by 
a  fungus,  and  occurs  in  chickens,  turkeys,  pigeons,  and  sometimes  in 
geese.  It  is  quite  prevalent  and  very  destructive  among  young  chicks 
m  the  Southern  States.  The  disease  appears  as  an  eruption  of  yellow 
nodules  about  the  beak,  nostrils,  eyes,  and  other  parts  of  the  head. 
These  nodules  reach  their  full  development  in  five  to  ten  days,  when 
they  emit  a  watery  discharge,  which  later  changes  to  a  thick  yellowish 
matter.  As  the  disease  progresses  the  birds  grow  thin  and  weak, 
and  death  results.  In  cases  of  spontaneous  recovery,  the  nodules  dry 
up  and  form  crust,  which  later  crumble  away.  The  parasite  causing 
it  penetrates  the  skin  of  a  healthy  individual  either  through  an  abra- 
sion, through  punctures  caused  by  bites  of  lice,  etc.,  or  less  frequently 
through  the  normal  skin.  The  disease  is  most  prevalent  during 
warm,  damp  weather,  and  consequently  is  most  fatal  to  late-hatched 
chicks. 

The  following  preventive  measures  should  be  employed:  Keep 
affected  birds  from  the  premises;  keep  the  houses  clean  and  dry, 
and  hatch  the  chicks  early.  Sick  birds  may  be  treated  by  applying 
carbolic  ointment,  or  glycerin  containing  2  per  cent  carbolic  acid,  to 
the  affected  parts  twice  a  day.  The  sores  may  also  be  bathed  with 
soap  and  water  to  loosen  the  crusts  and  subsequently  sponged  with  a 
solution  of  copper  sulphate  (one-half  ounce  to  1  quart  of  water). 
When  other  treatments  are  unavailing,  tincture  or  iodine  may  be 
sparingly  used. 

Egi^-bound. — Irritation  of  the  oviduct,  causing  the  membrane  to 
become  dry  and  deficient  in  its  normal  lubrication,  an  abnormally 
large  egg,  or  a  too  fat  condition  of  the  hen  mav  cause  diflSculty  in 
expelling  an  egg  from  the  body  and  produce  tne  condition  known 
as  egg-bound.  If  the  egg  remains  in  the  oviduct  for  a  considerable 
length  of  time  inflammation  is  produced,  which  finally  develops 
into  decomposition  of  the  tissues  and  results  in  death.  Fowls  when 
egg-bound  are  restless,  going  frequently  on  the  nest,  showing  a 
desire  to  lay  and,  in  general,  giving  evidence  of  being  in  distress. 
Later  they  become  dulland  listless,  remaining  in  this  condition  until 
death  if  not  relieved.  The  egg  can  usually  oe  felt  in  the  posterior 
portion  of  the  abdomen.  If  the  trouble  is  early  discovered,  inject 
a  small  quantity  of  oil  into  the  vent,  and  gently  try  to  work  the  egg 
out.  If  this  treatment  is  unsuccessful,  hold  tne  lower  part  of  the 
body  in  warm  water  for  half  an  hour,  or  until  the  parts  are  relaxed ; 
then  treat  as  above.  It  may  be  necessary  to  break  the  egg,  allow  the 
contents  to  escape,  and  remove  the  shell  in  pieces.  After  removal 
of  the  egg  give  soft  cooling  feed. 

Occasionally  difficulty  in  laying  an  egg  causes  prolapsus  or  ever- 
sion  of  the  oviduct.  AVlien  this  occurs  the  oviduct  is  partially  turned 
inside  out  and  protrudes  from  the  vent.  If  the  egg  causing  the 
trouble  has  not  been  expelled,  remove  it,  wash  the  exposed  portion  of 
the  oviduct  with  warm  water,  apply  carbolated  vaseline  or  lard, 
and  return  to  its  normal  position  by  gentle  pressure.  In  addition 
it  is  well  to  give  the  fowl  3  to  5  drops  or  fluid  extract  of  ergot. 

Intestinal  worms. — ^Worms  are  frequently  present  in  the  intestines 
and  ceca  of  chickens,  particularly  young  chicks,  often  causing  con- 
siderable loss.  Practically  the  only  way  to  determine  that  worms 
are  present  is  to  examine  the  ceca  and  intestines  of  dead  chicks. 

287 


47 

The  worms  are  small  and  hairlike.  Occasionally  flat  tape  worms  are 
found,  but  these  are  not  very  common.  Chicks  infestea  with  worn|s 
go  off  feed  and  become  thin  and  sickly  looking. 

In  combating  worms  care  should  be  taken  to  keep  clean  the  soil  over 
which  the  chicks  run,  and  to  move  the  runs  each  year  or  two  if  pos- 
sible. Cleanliness  in  the  house  must  also  be  observed.  In  treatii^ 
affected  birds,  powdered  areca  nut  (20  to  40  grains  per  fowl),  ao- 
ministered  either  in  mash  or  mixed  with  butter  and  made  into  pills, 
is  an  effective  remedy.  Powdered  male  fern  (30  grains  to  1  dram), 
or  oil  of  turpentine  (1  to  3  teaspoonfuls),  alone  or  diluted  with  an 
equal  bulk  oi  olive  oil,  is  also  very  good.  It  is  well  to  follow  any  of 
these  remedies  with  a  dose  of  castor  oil  (1  to  3  teaspoonfuls). 

Limber  neck. — This  disease,  as  its  name  indicates,  is  characterized 
by  the  limp  condition  of  the  neck,  the  fowl  practically  losing  all  con- 
trol of  the  neck  muscles,  so  that  the  head  rests  on  the  ground.  This 
condition  occurs  in  warm  weather,  and  is  caused  by  the  fowls  eating 
decomposed  flesh  in  which  a  ptomaine  has  developed.  This  poison 
causes  partial  paralysis  of  the  neck  muscles  and  often  results  in  the 
death  of  the  birds.  Mag:gots  eaten  by  fowls  do  not  cause  the  disease, 
except  as  they  may  contain  the  poison  which  they  have  obtained  from 
the  decaying  flesh. 

The  best  and  most  effective  treatment  is,  of  course,  never  to  leave 
any  dead  fowls  or  other  dead  animals  around,  but  to  bury  or  burn 
all  carcasses.  Treatment  of  sick  birds  is  not  usually  very  successful, 
but  a  teaspoonful  of  castor  oil  is  sometimes  effective. 

BAD    HABITS. 

Egg  eating. — ^This  habit  sometimes  becomes  a  serious  vice,  fowls 
becoming  very  fond  of  eggs  when  they  have  learned  to  eat  them,  and 
it  often  spreads  from  f oavI  to  fowl.  It  usuallv  begins  through  acci- 
dent by  eggs  being  broken  or  frozen.  Be  careiul  to  see  that  this  does 
not  happen.  See  that  the  nests  are  properly  supplied  with  straw  or 
other  nesting  material  and  have  them  darkened,  so  that  if  an  egg  is 
accidentally  broken  the  fowls  will  not  be  likely  to  discover  it.  Sup- 
ply plenty  of  lime  in  the  form  of  oyster  shells,  bone,  or  similar  sub- 
stances to  insure  a  firm  shell.  As  soon  as  it  is  discovered  that  a  fowl 
has  formed  the  habit  the  fowl  should  be  removed,  in  order  to  prevent 
the  spread  of  the  vice.  Once  formed,  it  is  difficult  to  eradicate,  and 
the  safest  remedy  is  the  death  penalty. 

Feather  eating. — Fowls  sometimes  pluck  feathers  from  themselves 
and  from  each  other,  which  is  often  caused  by  too  close  confinement, 
by  the  presence  of  insect  pests,  or  by  improper  feeding.  When  some 
of  the  fowls  of  a  flock  have  formed  the  habit  slightly,  a  wide  range 
with  a  change  of  diet,  including  a  plentiful  supply  of  animal  feed, 
and  freedom  from  insect  pests,  will  usually  correct  the  evil.  Above 
all  see  that  the  fowls  have  plenty  of  inducement  to  exercise.  If  the 
habit  becomes  well  formed  it  is  very  troublesome  and  may  necessitate 
the  killing  of  some  of  the  fowls  in  order  to  stop  it. 

INSECT    PESTS. 

Two  classes  of  external  parasites,  popularly  known  as  lice  and 
mites,  will  be  considered  here.     There  are  several  varieties  of  lice 
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which  attack  poultry.  They  subsist  mainly  on  the  feathers  and  per- 
haps on  the  epidermic  scales.  They  are  found  largely  on  the  head 
and  neck,  under  the  wings  and  about  the  vent,  and  wnen  present  in 
large  numbers  they  cause  the  fowls  much  discomfort.  Persian  insect 
powder  (pyrethrum),  powdered  sulphur,  and  some  of  the  various 
preparations  on  the  market,  such  as  the  louse  powders,  are  good  in/) 
combating  these  pests.  The  hens  can  be  dusted  with  one  of  these  ** 
powders  after  they  have  gone  to  roost.  Have  the  powder  in  a  box 
with  a  perforated  cover,  grasp  the  fowl  by  the  legs,  and  shake  the 
powder  well  among  the  feathers.  Dust  at  least  thre.e  times  at  inter- 
vals of  about  a  week  in  order  to  catch  the  lice  which  hatch  out  after 
the  first  dusting. 

The  mites  subsist  on  the  blood  of  the  fowls  and  are  not  usually 
found  on  the  bodies  of  the  bird  except  when  at  roost  or  on  the  nest. 
During  the  day  they  inhabit  cracks  and  crevices  of  the  walls,  roosts, 
and  nests.  Sitting  hens  are  often  so  annoyed  that  they  are  compelled 
to  leave  the  nests  in  order  to  relieve  themselves  of  these  parasites. 
The  free  use  of  kerosene  about  the  nests  and  perches  is  useful  in  fight- 
ing mites.  The  walls  of  the  house  may  be  sprayed  with  kerosene,  the 
operation  being  repeated  every  three  or  four  days  for  two  weeks. 
Insect  powders  are  of  little  avail. 

The  following  method  has  proved  excellent  in  ridding  houses  of 
mites  and  lice  when  the  weather  conditions  are  such  as  to  permit  the 
birds  being  kept  outside  the  house  for  five  or  six  hours.  Close  all  the 
doors  and  windows  and  see  that  there  are  no  cracks  or  any  other 
openings  to  admit  air.  Get  an  iron  vessel  and  set  it  on  gravel  or 
sand  near  the  center  of  the  house;  place  in  the  vessel  a  handful  of 
shavings  or  straw  saturated  with  kerosene,  and  on  these  sprinkle 
sulphur  at  the  rate  of  about  1  pound  to  every  90  or  100  square  feet 
of  floor  space.  Instead  of  using  the  shavings  and  kerosene  the  sul- 
phur can  be  saturated  with  woSd  alcohol.  When  everything  else  is 
m  readiness  light  the  material  and  hastily  leave  the  house.  In  case 
any  anxiety  is  felt  about  fire,  a  glance  through  a  window  will  show 
whether  everything  is  all  right.  There  is  very  little  danger  of  fire 
when  proper  precautions  have  been  taken  to  have  plenty  of  soil 
beneath  the  vessel.  Allow  the  house  to  remain  closed  for  three  or 
four  hours,  at  the  end  of  which  time  one  can  safely  conclude  that 
there  are  no  living  beings  inside.  Now  throw  all  the  doors  and 
windows  wide  open  so  as  to  drive  out  the  sulphur  fumes  thoroughly, 
and  then  the  fowls  may  be  allowed  to  enter.  Liet  them  in  one  by  one, 
and  as  each  enters  catch  it  and  dust  it  well  with  insect  powder, 
which  will  destroy  the  lice  on  the  birds.  Tobacco  dust  is  also  good 
to  use  instead  of  insect  powder.  The  birds  and  house  have  now 
been  freed  from  vermin  for  the  present,  but  the  eggs  of  the  insects 
have  not  been  destroyed,  and  in  a  week  another  swarm  will  be 
hatched  out.  Therefore  it  will  be  necessary  to  repeat  the  operation 
once  or  twice  before  the  pests  are  exterminated.  After  tnis  care 
should  be  used  to  see  that  no  strange  fowl  is  admitted  to  the  house  or 
yard  without  having  been  thoroughly  rid  of  lice,  for  one  lousy  hen 
Will  contaminate  all  the  rest. 
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THE  NONSACCHARINE  SORGHUMS. 


CLASSIFICATION  OF  SOEGHUMS. 

All  the  varieties  of  sorghum  now  in  cultivation  are  supposed  to  have 
originated  from  a  single  species  native  to  tropical  Africa.  The  differ- 
ences which  mark  them  so  far  as  botanical  characters  are  concerned 
are  comparatively  slight  and  unimportant.  The  forms  cultivated  in 
the  United  States  may  be  divided  into  three  classes:  (1)  Broom  corns, 
(2)  saccharine  sorghums,  and  (3)  nonsaccharine  sorghums. 

The  broom  corns  are  distinguished  by  their  dry,  pithy  stalks  and 
by  their  long,  loose,  open  seed  heads,  which  are  used  in  the  making  of 
brooms  and  brushes.  The  saccharine  varieties  are  marked  by  their 
tall,  leafy  stems,  which  are  full  of  sweet  juice.  The  seed  heads  of  the 
different  varieties  are  quite  variable  in  shape  and  color.  The  non- 
saccharine  varieties  are  usually  more  stocky  than  the  saccharine 
sorts  and  contain  less  sap,  though  some  of  them  are  quite  juicy  and 
sweet.  The  saccharine  sorghums  are  grown  for  forage  and  the  pro- 
duction of  sirup ;  the  nonsaccharine  sorts  for  forage  and  grain.  This 
bulletin  deals  only  with  the  latter  class." 

INTRODUCTION  INTO  THE  UNITED  STATES. 

Althougli  chicken  com  and  some  of  the  other  less  important  non- 
saccharine sorgluims  were  brought  into  this  country  in  colonial  times, 
none  of  the  varieties  became  prominent  as  farm  crops  until  about 
twenty  years  ago.  The  settlement  of  the  semiarid  section  of  the 
Great  Plains  in  Kansas,  followed  by  the  development  of  similar  por- 
tions of  Oklahoma  and  Texas,  caused  a  demand  for  a  drought-resist- 
ant grain  crop  to  take  the  place  of  corn,  and  demonstrated  the  useful- 
ness of  Kafir  com  and  milo.  These  sorghums  had  been  introduced 
some  years  previous,  but  were  considered  of  little  value  up  to  this 
time.  Some  of  tlie  varieties  of  the  dura  group  had  been  brought  into 
the  wSoutliem  States  at  a  mucli  earlier  date,  but  they  had  only  been 
grown  in  a  very  Umited  way.  Kafir  com  quickly  found  favor  in  Kan- 
sas, and  the  area  devoted  to  it  increased  steadily  up  to  1900.     Since 

a  Farmers'  Bulletins  No.  174,  "  Broom  Corn,"  and  No.  246,  "Saccharine  Sorghums 
for  Forage,"  discuss  the  first  and  second  (lasses  of  the  sorghums. 
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that  time  its  acreage  has  remained  quite  constant,  and  the  crop  is 
one  of  the  most  important  ones  in  the  State.  It  is  grown  largely  in 
Oklahoma  also,  while  in  Texas  Kafir  com  and  milo  are  the  most 
popular  crops  in  the  Panhandle  and  adjacent  sections. 

THE  GEOUFS  OF  NONSAGGHAEINE  SOEGHIJMS. 

The  nonsaccharine  varieties  of  sorghum  principally  grown  in  the 
United  States  are  divided  into  two  groups:  (1)  The  Kafir  com  group 
and  (2)  the  dura  group.  The  Kafir  com  group  takes  its  name  from 
the  tribe  of  Africans  from  whom  it  was  obtained  when  introduced 

•  into  this  country. 
It  includes  Red 
Kafir  com,  White- 
Hulled  White  Kafir 
com,  and  Black- 
Hulled  White  Kafir 
com,  and  is  char- 
acterized by  its 
long,  erect,  slender 
heads,  compact  and 
full  of  obovate  seeds 
(egg  -  shaped  with 
the  large  end  outer- 
most), either  white 
or  red  in  color. 
White-Hulled 
White  Kafir  com  is 
of  no  importance  at 
the  present  time, 
liaving  been  re- 
placed by  Red  Kafir 
corn  and  Black- 
Ilulled  White  Kafir 

Fl(..  1.-  Iload  of  Whito  Kafir  com.  -,,-  ..  ., 

corn.  White  milo, 
African  millet,  and  Indian  millet  are  old  names  for  the  white  vari- 
eties of  Kafir  corn.  Black-Hulled  Wliite  Kafir  corn  is  now  commonly 
known  as  AMiite  Kafir  corn  and  as  Black-Hulled  Kafir  corn,  and  the 
term  "AVhite  Kafir  corn"  as  used  in  this  bulletin  refers  to  this  variety. 
A  liead  of  AMiite  Kafir  corn  is  shown  in  figure  1. 

Th(^  dura  group  of  sorghums  includes  brown  dura,  Jerusalem  com, 
and  yellow  milo.  Thes(^  varieties  are  characterized  by  their  thicK, 
compact,  ovate  (egg-sliaped)  heads,  wliich  frequently  turn  down,  or 
''gooseneck,"  and  their  large  flattened  seeds,  white  in  Jerusalem 
com,  reddish  brown  in  brow  n  dura,  and  reddish  yellow  in  yellow  milo. 
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In  California  this  group  is  generally  known  as  Egyptian  com.  Vari- 
ous names  have  been  applied  to  the  different  varieties  by  seedsmen 
and  farmers  in  other  sections.  Among  those  by  which  brown  dura  is 
kno^^Ti  may  be  mentioned  dhoura  (also  spelled  durra,  durah,  doura, 
and  in  various  other  ways),  Dhoura  corn,  Rural  Branching  dhoura,  and 
Rural  Branching  sorghum.  Yellow  milo  is  kno^^Ti  as  Millo  maize  or 
Milo  maize.  Yellow  Branching  sorghum.  Dwarf  milo,  and  Red  milo 
maize.  Jerusalem  com  has  also  been  known  as  Egyptian  Rice  corn. 
A  head  of  yellow  milo  is  shown 
in  figure  2. 

GHAEAGTEEISTIGS    OF    THE 
DIFFEEENT  VAEIETIES. 

The  several  varieties  of 
Kafir  com  are  short,  stocky, 
broad-leaved  sorghums,  pro- 
ducing a  considerable  quan- 
tity of  excellent  forage  in 
addition  to  a  good  grain  yield. 
They  are  decidedly  drought 
resistant,  in  that  they  are  able 
practically  to  suspend  growth 
during  very  dry  periods. 
Later,  if  rain  falls,  these  va- 
rieties will  resume  growth  and 
will  produce  a  crop  of  seed. 
Occasionally,  however,  the 
rains  are  so  long  delayed  that 
they  fail  to  mature  seed  be- 
fore frost.  The  dura  group, 
especially  yellow  milo,  contin- 
ues growth  during  a  drought 
and  produces  some  seed  under 
almost  any  conditions.  For 
this  reason  yellow  milo  is  bet- 
ter adapted  than  Kafir  corn  to  sections  of  A^ery  low  rainfall.  With 
good  cultivation  large  crops  of  both  Kafir  corn  and  milo  may  be 
produced  with  10  to  12  inches  of  rain  during  the  gro\ving  season. 
A  field  of  yellow  milo  grown  under  favorable  conditions  is  shown  in 
figure  3. 

The  different  varieties  of  Kafir  corn,  especially  when  selected  seed 
is  used,  are  very  uniform  in  growth,  and  as  the  heads  are  alwa^^s 
erect  the  crop  is  easy  to  harvest  by  any  of  the. common  methods. 
The  dura  group  is  much  more  variable  in  height,  and  as  the  heads 
are  frequently  recurved,  or  goosenecked,  the  crop  is  more  difficult  to 
27722— No.  288—07—2 


Fig.  2.— Head  of  yellow  milo. 
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harvest  than  Kafir  com.     This  may  be  largely  obviated,  however, 
by  thick  planting. 

The  stalks  and  leaves  of  Kafir  corn  remain  green  until  the  head  is 
fully  matured,  while  in  the  varieties  of  the  dura  group  they  are 
neariy  dead  when  the  seed  ripens.  For  this  reason  Kafir  corn  is 
usually  considered  a  better  forage  plant  than  any  of  the  other  sorts. 
The  stalks  of  Kafir  corn  frequently  contain  considerable  sweet  sap, 
and  milo  is  occasionally  quite  juicy,  but  Jerusalem  com  and  brown 
dura  are  generally  dry  and  pithy.  As  the  sweet  juice  adds  mate- 
rially to  the  palatability  of  the  fodder  this  is  an  additional  reason 


Fig.  3.— Fiold  of  yellow  milo. 

for  using  Kafir  corn  as  a  forage  crop  in  preference  to  any  of  the 
varieties  of  tlie  dura  group. 

Kafir  corn  requires  from  110  to  135  days  to  mature  seed;  milo, 
Jerusaloiu  corn,  and  dura  will  ripen  in  90  to  110  days.  An  objec- 
tion frequontly  urged  against  Jerusalem  corn  and  dura  is  that  the 
seed  shatters  badly  as  soon  as  it  matures;  milo  and  Kafir  com  give 
little  trouble  in  tliis  respect.  All  of  the  A^arieties  are  much  relished 
by  ])irds,  and  considerable  seed  is  destroyed  by  them.  It  is  not 
advisable  to  plant  small  patches  of  any  of  these  sorghums  where 
sparrows  are  numerous,  but  the  damage  where  large  fields  are  grown 
is  coiuparalively  slight. 
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IMPOETANCE  OF  THE  CEOP. 
SECTIONS  WHERE  SORGHUMS  ARE  VALUABLE. 

The  nonsaccharine  sorghums  are  important  as  grain  and  forage 
crops  in  regions  of  sHght  or  moderate  rainfall  and  high  summer  tem- 
peratures. As  they  are  of  tropical  origin  they  can  not  be  grown  in 
the  extreme  north  or  at  high  altitudes.  Although  some  progress  has 
been  made  in  securing  early  strains,  at  the  present  time  they  can 
hardly  be  depended  on  to  mature  seed  very  far  north  of  the  south- 
em  boundary  of  Nebraska.  Some  of  the  varieties  are  of  value  as 
forage  crops,  however,  for  a  considerable  distance  farther  north.  In 
all  the  middle  and  southern  portion  of  the  Great  Plains,  in  the  semi- 
arid  Southwest,  and  in  the  central  valleys  of  California  these  sor- 
ghums make  the  most  acceptable  substitutes  for  com  which  can  be 
grown.  They  are  especially  valuable  for  growing  on  ''new  land/' 
Kafir  corn  is  most  useful  in  Kansas,  especially  the  western  two-thirds 
of  the  State,  and  in  Oklahoma  and  Texas.  Yellow  milo,  owing  to 
its  earlier  maturity  and  greater  drought  resistance,  is  of  value  at 
higher  altitudes  and  in  drier  sections  than  Kafir  corn.  The  region 
best  adapted  to  milo  includes  the  Panhandle  section  of  Texas,  the 
western  portion  of  that  State,  western  Oklahoma,  western  Kansas, 
eastern  Colorado,  and  portions  of  New  Mexico.  Milo  is  a  promising 
crop  in  southern  Nebraska  and  wherever  a  dry  land  crop  is  desired 
in  the  Southwest. 

In  the  central  valleys  of  California  there  is  some  demand  for  a 
crop  whicli  can  be  planted  after  wheat  and  barley  are  harvested  and 
which  will  furnish  fodder  and  grain  with  little  or  no  irrigation.  The 
nonsaccharine  sorghums  best  fill  these  requirements.  Jerusalem  com 
and  brown  dura  arc  the  sorts  most  largely  grown.  These  varieties 
are  of  little  value  as  forage,  however,  and  it  is  probable  that  an 
early-4iiaturing  strain  of  Kafir  corn  could  be  introduced  to  advantage. 

ACREAGE  GROWN. 

As  the  acreage  of  nonsaccharine  sorghums  is  not  reported  by  the 
Bureau  of  Statistics,  and  as  the  reports  of  the  Bureau  of  the  Census 
do  not  fully  difl'ercntiate  between  the  saccharine  and  nonsaccharine 
varieties,  it  is  impossible  to  give  the  exact  acreage  of  these  crops 
in  the  United  States.  However,  the  production  in  Kansas  and 
Oklahoma  is  reported  by  the  boards  of  agriculture  of  those  States, 
and  from  their  figures  a  fairly  accurate  estimate  of  the  acreage  of  the 
entire  country  may  be  made.  It  is  probable  that  from  1,400,000  to 
1 ,600,000  acres  are  devoted  to  nonsaccharine  sorghums  annually  and 
that  the  crop  produced  is  worth  from  12  million  to  15  million  dollars. 

In  Kansas  at  the  present  time  from  500,000  to  550,000  acres  of 
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Kafir  com  are  grown,  the  crop  being  excelled  in  importance  only 
by  com  and  wheat.  The  acreage  is  considerably  increased  in  dry 
years,  when  the  acreage  of  com  is  reduced,  or  when  winter  wheat 
fails  in  the  western  and  central  portions  of  the  State.  In  addition, 
about  20,000  acres  of  milo  and  2,000  acres  of  Jerusalem  com  are 
grown  annually.  The  maximum  production  of  nonsaccharine  sor- 
ghums in  Kansas  to  date  was  reached  in  1902,  when  nearly  800,000 
acres  were  devoted  to  these  crops.  In  Oklahoma  the  annual  acreage 
of  Kafir  com  is  from  300,000  to  350,000,  with  an  additional  150,000 
acres  in  milo.  No  accurate  figures  on  the  production  of  these  crops 
in  Texas  are  available,  but  it  is  probable  that  the  acreage  in  Okla- 
homa is  at  least  equaled.  The  nonsaccharine  sorghums  are  not 
important  in  the  other  States  except  in  California,  which  annually 
produces  about  50,000  acres  of  ''Egyptian  com." 

SOILS  ADAPTED  TO  THE  GEOP. 

The  sorghums  grow  well  on  almost  any  good  tillable  land.  Any 
soil  which  would  be  considered  good  for  com  should  produce  profit- 
able crops  of  the  varieties  here  discussed.  In  general,  a  soil  contain- 
ing some  sand  is  considered  more  drought  resistant  than  are  the  finer 
clays;  consequently,  a  sandy  loam  or  a  clay  loam  containing  a  small 
percentage  of  sand  will  usuelly  be  found  most  satisfactory.  The 
''red  land"  section  of  Oklahoma  and  northern  Texas  is  specially 
adapted  to  these  crops.  A  very  light  sand  is  not  desirable,  nor  is  a 
v6ry^  heavy  clay.  Wliile  the  roots  of  Kafir  corn  and  milo  do  not 
penetrate  to  any  great  depth,  they  fill  the  upper  three  feet  of  soil 
quite  completely.  They  are  thus  enabled  to  secure  a  large  part  of 
the  available  plant  food  in  the  soil  and  make  fair  crops  on  rather 
poor  land;  the  additional  returns  secured  on  good  land  are  sufficient 
however,  to  justify  its  use  for  growing  the  sorghums.  Manure  can 
be  used  with  profit  on  fields  which  have  been  in  cultivation  for  some 
time  or  on  light  sandy  soils.  On  newly  broken  sod  these  sorghums 
usually  make  fair  yields  with  very  little  cultivation  and  are  among 
the  best  crops  for  planting  on  ''new  land''  in  the  Southwest. 

DEGUGHT  RESISTANCE. 

All  the  varieties  of  nonsaccharine  sorghums  are  decidedly  drought 
resistant,  although  there  is  considerable  variation  in  their  power  to 
withstand  long  periods  of  dry  weather.  The  sorghums,  by  reason 
of  their  numerous  small  roots,  have  the  power  to  take  up  a  greater 
percentage  of  the  soil  moisture  than  most  other  plants.  They  also 
apparently  make  better  use  of  this  moisture  than  do  many  of  the 
other  cultivated  crops.  Some  of  -the  varieties  of  nonsaccharine  sor- 
ghum, especially  milo  and  Kafir  corn,  are  better  able  to  withstand 
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drought  than  are  the  saccharine  sorts.  These  plants  are  also  remark- 
ably resistant  to  injury  from  hot,  drying  winds,  and  if  favorable 
conditions  follow  a  period  of  drought  they  resume  growth  quickly. 

ALKALI  EESISTANGE. 

In  sections  where  injurious  salts  are  present  in  the  soil,  it  is  gen- 
erally recognized  that  the  various  sorghums  are  strongly  alkali  resist- 
ant. In  Eg}T)t  the  sorghums  are  among  the  first  crops  planted  on 
alkali  land  when  an  attempt  is  made  to  reclaim  it.  In  alkali  regions 
in  the  Southwest  they  will  grow  and  make  fair  yields  where  most 
other  crops  fail.  Sorghum  will  withstand  greater  amounts  of  alkali 
than  any  other  important  field  crop  with  the  exception  of  well- 
established  alfalfa.  Young  alfalfa,  however,  is  much  more  readily 
killed  by  alkali  than  is  sorghum. 

EFFECT  OF  SORGHUMS  ON  THE  LAND. 

The  sorghums  are  generally  considered  exhausting  in  their  demands 
on  the  soil  and  injurious  in  their  effect  on  succeeding  crops.  They 
are  vigorous-growing,  comparatively  shallow-rooting  plants,  which 
draw  quite  heavily  on  the  fertility  of  the  surface  soil;  but  in  reality 
they  take  little  more  plant  food  than  a  corn  crop  of  equal  tonnage. 
The  principal  injury  to  the  following  crop,  where  any  occurs,  is 
usually  due  to  the  bad  physical  condition  in  which  the  soil  is  left  by 
the  sorghum.  This  crop  makes  its  growth  late  in  the  season  and 
at  that  time  draws  heavily  upon  the  soil  moisture.  The  soil  wKen 
plowed  turns  up  rough  and  cloddy  and  is  not  in  good  condition  to 
absorb  moisture  or  to  retain  it.  As  the  water  supply  in  the  sections 
where  sorghum  is  important  is  frequently  not  more  than  sufficient 
under  the  best  conditions  for  crop  growth,  the  succeeding  crop  suf- 
fers materially  from  lack  of  moisture.  If  the  soil  is  properly  plowed 
and  placed  in  good  Tnechanical  condition,  little  injury  usually  results. 

Wliere  the  stalks  are  large  and  the  stubble  is  likely  to  prove  trouble- 
some, the  stubs  may  be  turned  out  as  soon  as  the  crop  is  cut  by  run- 
ning a  small  plow  under  them  or  by  disking.  If  the  stubble  is  plowed 
out,  the  clods  should  be  broken  with  a  harrow  or  clod  crusher  and 
the  field  then  plowed  deep  enough  to  turn  the  stubs  under.  Figure 
4  shows  a  field  after  the  first  plowing.  Whenever  possible,  sorghum 
stubble  should  be  plowed  in  the  autumn,  as  the  action  of  the  frost 
tends  to  break  up  the  clods.  If  the  field  is  to  be  sown  to  fall  grain,  it 
can  usually  be  put  in  better  condition  by  thorough  disking  than  by 
plowing  and  harrowing.  The  sowing  of  small  grain  after  any  of  the 
sorghums  is  a  practice  which  can  not  be  generally  recommended, 
especially  where  the  rainfall  is  not  abundant. 

288 
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PEEPAEATION  OF  THE  SOIL. 

Land  for  planting  to  sorghum  should  be  broken  from  5  to  8  inches 
deep,  if  possible  some  weeks  before  planting.®  Fall  plowing  is  of 
advantage  where  practicable,  as  the  soil  is  then  in  best  condition  to 
absorb  any  rain  which  may  fall  either  before  or  after  planting.  How- 
ever, good  crops  of  Kafir  com  and  milo  are  grown  by  dropping  the 
seed  in  every  third  furrow  while  breaking  new  land,  the  sod  being 
turned  only  2  or  3  inches.  When  planted  in  this  way  no  cultivation 
is  given.  Under  most  conditions  the  increased  yield  of  fodder  and 
grain  will  repay  any  extra  effort  made  in  the  preparation  of  the 
land  and  the  cultivation  of  the  crop.     Before  planting  time  the 


KiG.  4.— Fi««ld  showing  sorghum  stubs  plowed  out. 

field  should  be  harrowed  so  as  to  make  the  land  smooth  and  mellow, 
secure  a  good  seed  bed,  and  kill  any  weeds  which  may  have  started. 
As  the  sorghum  plants  grow  very  slowly  for  some  weeks  after  germi- 
nation it  is  important  to  have  the  field  as  clean  as  possible  at  planting 
time. 

In  California  and  in  other  sections  where  irrigation  is  practiced, 
it  is  customary  to  irrigate  the  land  before  plowing,  then  plow  and 
harrow,  and  ])lant  the  seed  as  soon  thereafter  as  possible.     Occa- 

<i  Fanners'  liullctin  No.  2()C),  entitled  "Nranageniont  of  Soils  to  C-onserve  Moisture, 
with  Special  Reference  to  Seniiarid  Conditions,''  contains  a  very  complete  discussion 
of  the  preparation  of  the  soil  and  the  cultivation  of  crops  in  the  sections  where  the 
noiiiiaccharine  sorghums  are  important. 
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sionally  a  second  irrigation  is  given  later  in  the  season,  but  more 
frequently  the  crop  is  grown  with  but  a  single  watering  and  without 
cultivation. 

PLANTING. 

DATE  OF  PLANTING. 

As  the  sorghums  grow  best  in  warm  weather,  the  seed  should  not 
be  planted  until  all  danger  from  frost  is  past  and  the  soil  is  thoroughly 
warm.  In  general,  about  fifteen  or  twenty  days  after  the  time  for 
corn  ])lanting  may  be  considered  safe.  In  the  South  early  seeding 
is  usually  desirable,  as  the  first  crop  matures  soon  enough  to  secure  a 
second  crop  of  fodder  and  sometimes  a  second  crop  of  grain.  Where 
Kafir  com  and  milo  are  grown  on  a  large  scale  it  is  customary  to 
continue  the  planting  over  a  considerable  period  in  order  to  extend 
tlie  harvesting  season.  Milo  can  be  planted  at  least  ten  days  later 
than  Kafir  corn  on  account  of  its  earlier  maturity.  In  California, 
Egyptian  corn  is  usually  grown  on  land  where  barley  or  wheat  has 
been  harvested,  so  that  planting  is  generally  delayed  until  June. 

QUANTITY  OF  SEED  NECESSARY. 

The  quantity  of  Kafir  corn  seed  to  plant  to  the  acre  varies  accord- 
ing to  the  method  of  planting,  the  use  to  be  made  of  the  crop,  and 
the  conditions  under  which  it  is  grown.  When  grown  in  rows  for 
the  maximum  yield  of  both  fodder  and  grain,  6  or  8  pounds  to  the 
acre  in  3  l-foot  rows  are  desirable,  although  this  quantity  is  frequently 
reduced  to  8  or  4  ])ounds.  Thin  planting,  however,  produces  coarse 
stalks  which  are  not  readily  eaten  by  stock  and  a  small  number  of 
large  heads  which  yield  less  grain  than  the  many  small  ones  result- 
ing from  thicker  seeding.  Wlien  the  stalks  are  a  considerable  dis- 
tance apart,  the  heads  frequently  do  not  grow  entirely  out  of  the 
"  boot",  or  slieath,  and  the  inclosed  part  of  the  head  rots  or  fails  to 
mature  seed.  WTiere  the  croj)  is  to  be  harvested  by  hand,  thin  plant- 
ing is  desirable.  For  hay  and  ])asture  it  should  be  much  thicker — 
(me-half  to  1  bushel  of  seed  to  the  acre  in  rows  or  drills  and  1  to  2 
bushels  in  broadcast  seeding.  On  account  of  the  larger  seed  of  the 
dura  group,  heavier  planting  is  necessary — 9  to  12  pounds  per  acre 
in  rows  or  1  to  1  \  bushels  in  drills.  As  thin  planting  tends  to  pro- 
duce goosen(»cked  heads  in  this  class  of  sorghums,  it  is  never  desir- 
able. Th(»  largest  yields  of  grain  from  all  varieties  may  be  secured 
from  3  to  31  foot  rows,  with  the  stalks  2^  to  4  inches  apart  in  the 
row.  In  very  dry  localities,  or  where  the  crop  receives  little  culti- 
vation, tli(^  stalks  sliould  be  thinner  than  where  conditions  are  more 
favorable. 
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METHODS  OF  PLANTING. 

Listing. — In  the  sections  of  Kansas,  Oklahoma,  and  Texas  where 
the  nonsaccharine  sorghums  are  largely  grown,  the  common 
method  of  planting  all  the  cultivated  crops  is  with  the  lister.  With  this 
implement  the  seed  is  planted  in  the  bottom  of  a  furrow,  and  is  thus 
placed  several  inches  below  the  general  level  of  the  field.  This  furrow 
is  filled  by  the  first  two  culftvations.  Listed  crops  are  said  to  be  better 
able  to  resist  drought  than  are  the  surface-planted  ones  because  their 
main  root  system  is  farther  below  the  surface  of  the  soil.  Com  and 
the  sorghums,  however,  throw  out  many  feeding  roots  from  the  portion 
of  the  stalk  covered  by  cultivation,  so  that  there  is  really  little  differ- 
ence in  the  depth  of  the  main  roots  of  listed  and  shallow-planted 
crops. 

The  principal  advantage  from  fisting  comes  in  the  protection 
afforded  the  young  plants  from  the  strong  winds  often  prevailing  in 
the  spring,  and  from  the  sand  carried  by  these  winds,  which  some- 
times cuts  the  plants  off  close  to  the  ground.  Listing  the  crop  delays 
its  maturity  several  days,  as  the  young  plants  in  the  bottom  of  the 
furrow  are  checked  by  lack  of  heat  and  light,  and  it  is  therefore  not  to 
be  recommended  in  sections  where  the  growing  season  is  short  or  when 
the  seed  is  planted  late.  In  wet  seasons  listing  is  a  disadvantage,  as 
the  furrow  fills  with  water  and  the  young  crop  is  washed  out  or  covered 
with  sand  and  mud.  If  the  plants  are  not  yet  up,  the  bottom  of  the 
furrow  sometimes  bakes  so  hard  that  they  are  not  able  to  break 
througli  the  crust.  In  listing  it  is  customary'^  to  use  a  planter  with 
special  sorghum  plates.  The  most  common  implement  is  the  com- 
bined lister  and  planter. 

Surface  planting. —  Recent  tests  have  shown  that  in  many  sections 
where  the  lister  is  largely  used  fully  as  good  yields  maybe  secured  from 
surface  planting.  In  surface  planting,  the  ordinary  two-row  corn 
planter  may  be  used  when  provided  with  sorghum  plates,  or  enough  of 
the  holes  in  a  grain  drill  may  be  stopped  to  give  the  desired  distance 
between  the  rows.  Tlu*  grain  drill  distributes  the  seed  rather  more 
evenly  along  the  row  than  the  planter.  If  the  corn  planter  is  used  and 
the  drills  are  desired  cIosit  than  '^\  feet,  the  rows  may  be  straddled. 

Drilling  and  broadcasting.  When  the  crop  is  desired  for  hay  or 
pasture,  good  results  can  be  secured  by  sowing  the  seed  with  a  grain 
drill  with  all  the  holes  open,  or  l)v  broadcasting.  If -the  seed  is  sown 
broadcast  it  may  he  covered  by  liarrowing  or  disking. 

CULTIVATION. 

When  the  crop  has  been  listed,  the  first  cultivation  is  usually  given 
by  running  a  harrow  lengthwise  of  the  rows.  The  young  sorghum 
plants  grow  very  slowly  at  first,  so  that  frequent  and  shallow  cultiva- 
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tion  is  necessary  to  keep  the  weeds  iri  check.  Harrowing  in  the  direc- 
tion of  the  rows  throws  only  a  small  quantity  of  earth  into  the  lister 
furrows,  and  does  not  cover  the  young  plants.  The  harrow  may  be 
used  until  the  plants  reach  the  top  of  the  Hster  furrow,  or  what  is 
known  as  the  ^'sled,^'  or  lister  cultivator,  may  be  substituted.  One 
type  of  this  cultivator  is  shown  in  figure  5.  In  other  styles  of  this 
machine  the  knives  are  replaced  by  disks.  After  the  plants  get  above 
the  general  level  of  the  field  any  ordinary  type  of  cultivator  can 
be  used  to  advantage.  While  the  plants  are  small  and  before  the 
roots  spread  into  the  space  between  the  rows,  one  cultivation  3^  to  4 
inches  deep  should  be  given.  Later  cultivation  should  be  frequent 
and  shallow,  to  maintain  an  earth  mulch  and  check  evaporation. 

When  the  crop 
is  surface  planted 
the  harrow  is  the 
best  tool  for  early 
cultivation,  run- 
ning the  same  way 
as  the  rows.  Later 
tillage  should  be 
the  same  as  for 
the  listed  crop, 
using  any  of  the 
ordinary  types  of 
walking  or  riding 
cultivators.  Fre- 
quent cultivation 
is  essential  when 
the     plants     are 

small,  especially  on  fields  that  have  been  cropped  for  some  years. 
On  sod  land  good  crops  are  usually  grown  with  only  one  or  two  cul- 
tivations, or  wdth  none  at  all.  In  California,  where  irrigation  is 
practiced,  the  common  method  is  to  grow  the  crop  without  cultiva- 
tion, but  one  or  two  workings  greatly  increase  the  yield. 

WTiere  the  crop  is  drilled,  harrowing  when  the  plants  are  from  3 
inches  to  a  foot  high  is  frequently  of  betnefit. 

HARVESTING. 


Fig.  T).-  a  list«'r  cultivator. 


WTien  the  crop  is  cut  for  fodder  the  grain  should  be  fairly  mature; 
if  the  heads  only  are  removed  they  should  be  fully  ripe.  For  hay  the 
crop  may  be  cut  at  any  period  of  growth  from  the  time  the  plant  comes 
into  bloom  until  the  seed  is  in  the  hard  dough  stage.  For  silage  it 
should  be  harvested  when  the  grain  is  in  the  dough  stage.  If  used 
as  a  soiling  crop,  the  stalks  may  be  cut  at  any  time  after  they  are 
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large  enough  to  handle  conveniently,  but  can  be  fed  with  most  profit 
from  the  time  the  plant  comes  into  bloom  until  it  approaches  maturity. 

WTien  grown  in  rows  the  crop  is  ordmarily  harvested  with  a  com 
binder  and  put  in  large  shocks  to  cure.  It  can  later  be  thrashed  for 
grain  or  fed  as  fodder.  A  common  t3rpe  of  com  harvester  is  shown 
in  figure  6,  while  figure  7  shows  a  field  of  Kafir  corn  in  shock.  The 
stalks  may  also  be  cut  with  the  ^* sled-cutter''  commonly  used  in  the 
corn  belt  before*  the  row  harvester  was  introduced,  or  by  hand  with  a 
com  knife.  WTiere  a  large  area  is  to  be  harvested  the  saving  effected 
by  the  use  of  the  most  ini])roved  machhiery  fully  justifies  any  addi- 
tional expense  in  its  purchase. 

Orduiarily,  when  the  croj)  is  to  be  fed  without  thrasliing,  the  fodder 


Fk;.  It.   Cuttiiijj  KHflrconi  with  a  row  hiiidiT. 

is  allowed  to  stand  in  the  sliock  until  wanted.  As  the  loss  from 
handling  in  this  way  is  slight,  owing  to  tlie  dry  climate,  the  method  is 
(juite  practical;  but  it  is  advisabh*  to  stack  a  porti<m  of  the  crop  near 
the  leed  lot  for  fecMling  in  stormy  weather  or  when  the  shocks  are 
('ov(M(»(l  with  snow.  A  liandy  rack  for  hauling  th(»  fodder  from  the 
field  is  shown  in  ligun^  S.  When  tlie  fodder*  is  to  be  hauled  a  con- 
siderable distance*  before  f(*eding  and  it  is  not  too  tall  and  coai^se 
it  is  sometimes  l)ale(i  for  convenience*  in  handling.  The  bundles  are 
not  opened  in  baling,  but  are  sim])ly  <M)mpressed  and  bound  together. 
For  this  purpose  a  hop  baler  is  th(*  most  practical  machine,  as  the 
or<linarv  hay  presses  arc  too  small  for  compressing  the  bundles. 

AVhere  \\\o  fodder  is  not  desircMl  the  heads  may  Ix*  removed  by  hand, 
using  an  ordinary  })()cket  or  butcher  knife,  or  by  a  special  header 

2^^ 
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attached  to  the  wagon  box  and  driven  by  a  sprocket  on  the  rear 
wheel  of  the  wagon.  A  header  of  this  sort  is  shown  in  figure  9. 
When  the  crop  is  harvested  in  this  way  the  heads  should  not  be 
thrown  in  piles  unless  they  are  thoroughly  dry,  as  they  heat  quickly 
if  at  all  damp  or  green.  If  the  heads  are  not  dry  when  harvested 
they  should  be  spread  in  thin  layers  to  cure. 

If  the  crop  is  drilled  or  sown  broadcast  it  may  be  cut  with  an  ordi- 
nary grain  harvester.  For  this  purpose  it  is  customary  to  use  an 
open-end  elevator.  When  the  crop  is  sown  in  this  way  the  heads 
can  be  removed  with  a  grain  header.  The  stalks  may  then  be  cut 
and  stacked  for  stover  or  they  may  be  pastured.     When  cut  for  hay 


Fig.  7.— Field  of  White  Kafir  com  in  shock. 


a  mow^Br  is  generally  used ;  the  hay  is  allowed  to  cure  partially  in  the 
swath,  then  raked  into  windrows,  where  the  curing  is  completed,  and 
stacked  with  a  sweep  rake  and  swinging  stacker.  Under  favorable 
conditions  the  hay  will  cure  in  three  or  four  days; 


THRASHING. 

If  the  grain  is  to  be  fed  alone,  the  fodder  may  be  run  through  an 
ordinary  thrasher  with  the  concaves  removed  and  boards  substituted, 
or  the  heads  only  may  be  inserted,  the  grain  thrashed  out,  and  the  stalks 
then  removed.  Both  these  operations  involve  much  heavj^  labor, 
however.  A  bettcT  way  is  to  remove  the  heads  from  the  stalks  and 
run  only  the  heads  thiough  the  machine.     If  the  crop  is  cut  for  fod- 
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der  the  heads  may  be  removed  by  hand,  using  an  ordinary  knife,  or 
by  laying  the  bundle  on  a  block  and  cutting  them  off  with  a  broadax 
or  com  knife.  The  seed  should  be  thoroughly  dry  when  thrashed; 
if  it  is  not,  it  should  be  spread  in  thin  layers  to  dry,  as  it  heats  quickly 
if  stored  in  bins  when  damp.  The  grain  also  absorbs  moisture  readily, 
so  that  in  damp  weather  it  is  necessary  to  shovel  it  over  occasionally. 

YIEriDS. 

The  yield  of  thrashed  grain  usually  secured  varies  from  25  to  50 
bushels  to  the  acre,  although  considerably  lai^er  crops  have  been 
reported.  On  upland  at  the  Kansas  Agricultural  Experiment  Sta- 
tion, Kafir  corn  averaged  46  bushels  per  acre  and  com  34  §  bushels 
in  a  test  covering  eleven  years.  Results  secured  at  the  Oklahoma 
Agricultural  Experiment  Station  are  equally  favorable  to  Kafir  com, 
both  in  yield  of  grain  and  fodder.  Farther  west,  in  the  region  better 
adapted  to  the  sorghums  and  less  favorable  to  com,  the  comparison 

is  more  decidedly 
advantageous  to 
Kafir  com.  White 
Kafir  com  yields 
^^^>^^^i^.>^ -^^'-       -  rather  more   than 

KiG.  8.  -  A  con voniont  rack  ff)r  hauling  fodder.  the  red  VEHCty ,  and 

yellow  milo  is  the 
heaviest  yielder  of  the  dura  typo.  The  usual  return  secured  in  Cali- 
fornia from  Jerusalem  corn  and  dura  (Egyptian  com)  with  one  irri- 
gation and  no  cultivation  is  about  25  or  30  bushels.  Where  an 
additional  irrigation  and  one  or  two  cultivations  are  given,  twice  this 
yield  is  frequently  secured.  These  figures  are  on  the  basis  of  the 
standard  weight,  o()  ])oun(is  of  seed  to  the  bushel. 

The  yield  of  fodder  secured  varies  with  the  method  of  planting,  the 
thickness  of  the  stand,  the  soil,  and  the  season.  Under  favorable 
conditions,  yields  of  4  to  6  tons  of  cured  fodder  can  be  obtained  from 
Kafir  corn,  and  2^  to  4  tons  from  the  dura  group.  Sorghums  of  the 
dura  ^roiip  do  not  contain  as  much  juice*  as  Kafir  com,  and  hence  the 
same  ])ulk  of  dry  fodder  is  much  lighter.  The  usual  yield  of  hay  or 
fodder  under  ordinary  conditions  from  all  the  nonsaccharine  sor- 
ghums yari(\s  from  2  to  o  tons.  The  yield  of  green  fodder  or  silage 
ranges  from  6  to  12  tons  ordinarily,  l)ut  as  much  as  20  tons  to  the  acre 
is  soinetimes  obtained  under  very  favorable  conditions.     ' 
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UTILIZATION  OF  THE  GEO?. 

FODDER. 

Kafir  corn  fodder  (stalks  before  the  heads  are  removed)  has  about 
the  same  feeding  value  as  com  fodder,  and  can  be  used  in  the  same 
way.  Fodder  from  the  other  nonsaccharine  varieties  is  rather  less 
palatable  than  that  from  Kafir  com,  and  consequently  ranks  lower  in 
feeding  value.  Brown  dura  and  Jerusalem  com  stalks  are  dry  and 
pithy  and  do  not  make  as  good  feed  as  yellow  milo.  Fodder  from 
the  better  varieties  of  nonsaccharine  sorghum  makes  excellent  rough- 
age for  '^wintering  over''  stock  cattle  or  for  feeding  in  addition  to 


Fig.  9.— a  Kafir  corn  header. 

grain  to  fattening  stock.  With  bran,  alfalfa  hay,  or  some  other  feed 
rich  in  protein,  it  is  a  good  milk  producer  when  fed  to  dairy  cows.  If 
the  fodder  is  at  all  moldy  or  dusty,  it  should  be  fed  after  milking; 
othen\'ise  tho  quality  of  the  milk  will  bo  affected  by  the  dirt  and  odor. 
Although  sorghum  stover  (stalks  with  the  heads  removed)  is 
much  low(T  in  feeding  value  than  the  fodder,  it  is  nearly  as  good  as 
corn  stover,  and  makes  good  roughage  to  feed  with  grain  and  alfalfa 
hay  or  as  part  of  a  maintenance  ration  for  stock  cattle.  The  stalks 
remaining  in  the  field  after  the  crop  has  been  headed  may  be  utilized 
by  euttijig  and  feeding  as  stover  or  by  pasturing.  The  stalks  of 
Egyptian  corn  are  usually  considered  of  Uttle  value. 
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While  there  may  be  some  slight  advantage  in  shredding  fodder  of 
the  nonsaccharine  sorghums,  yet  the  gain  is  usually  not  enough  to 
justify  this  expense.  Practically  the  same  result  is  accomplished  by 
running  the  stalks  through  a  thrasher,  and  this  method  puts  the 
stover  in  excellent  shape  for  feeding. 

HAY. 

The  nonsaccharine  varieties  are  not  commonly  used  as  hay  crops, 
the  saccharine  sorts  usually  being  sown  when  hay  is  desired.  Kafir 
corn,  however,  makes  excellent  hay,  which  is  fully  equal  to  good  sor- 
ghum or  nearly  equal  to  timothy  for  feeding.  The  other  varieties  of 
nonsaccharine  sorghum  are  seldom  grown  as  hay  crops.  The  hay  has 
about  the  same  feeding  value  as  the  fodder,  except  that  on  account 
of  the  smaller  stems  stock  eat  it  better  and  there  is  less  waste.  On 
the  other  hand,  little  seed  is  usually  formed  and  the  crop  is  cut  before 
this  is  fully  developed,  so  that  there  is  a  loss  in  the  feeding  value  in 
this    respect. 

PASTURE. 

The  nonsaccharine  sorghums  make  fair  pasture  crops,  but  are  not 
usually  considered  equal  to  the  best  of  the  saccharine  varieties  for  this 
purpose.  Kafir  corn  makes  better  pasture  than  any  of  the  other 
nonsaccharine  sorts.  Not  less  than  a  bushel  of  seed  to  the  acre 
should  be  drilled  in  on  well-prepared  ground.  Pasturing  may  begin 
when  the  plants  are  only  a  few  inches  high,  but  for  the  best  results 
the  crop  should  bo  allowed  to  grow  at  least  3  feet  high  before 
stock  is  turned  into  the  field.  They  should  be  gradually  accustomed 
to  the  feed  by  leaving  them  on  it  for  only  a  short  time  during  the  first 
few  days.  When  tli(»  crop  is  grown  as  pasture  for  hogs  they  should 
be  turned  in  when  it  is  about  18  inches  high. 

The  sorghums  should  b(»  available  for  pasture  in  about  fifty  or  sixty 
days  after  sowing  the  seed,  and  will  remain  in  good  condition  for  at 
least  thirty  days.  An  acre  of  good  Kafir  corn  will  produce  pasturage 
for  10  head  of  cattle  eight  to  ten  days.  Under  favorable  conditions,  if 
tli(^  cattle  are  taken  off  the  field  after  the  crop  has  been  pastured  down, 
it  will  make  sufficient  second  growth  in  a  month  or  six  weeks  to  fur- 
nish considerabh^  additional  pasture. 

In  California,  especially  in  the  ^^cinity  of  Bakersfield,  cattle  are 
sometimes  fattened  by  turning  them  into  fields  of  mature  dura  or 
J(^riisaleni  corn.  Th(\se  cattle  have  been  pastured  on  alfalfa  during 
the  summer,  and  usually  have  the  run  of  alfalfa  pasture  in  addition  to 
p]gypt  ian  corn  when  fattening.  The  results  secured  from  feeding  in 
this  manner  haye  been  verA^  satisfactory.  The  practice  of  pasturing 
the  mature  crop  when*  alfalfa  is  not  available  can  not  be  generally 
recommended. 
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Danger  from  poisoning. — The  chief  danger  to  cattle  in  pasturing 
on  sorghum  of  any  kind  is  from  poisoning.  Stunted  plants,  espe- 
cially after  a  period  of  warm,  dry  weather,  sometimes  store  up  prussic 
acid  in  the  leaves  in  sufficient  quantity  to  cause  death  to  cattle  within 
a  short  time.  Normal  growth  seldom  contains  injurious  amounts  of 
this  substance.  If  by  accident  stock  is  poisoned  from  eating  sor- 
ghum, the  administration  of  large  quantities  of  glucose  (com  sirup 
or  molasses)  or  of  milk  will  frequently  give  relief.  In  curing,  the 
prussic  acid  disappears,  so  that  there  is  no  danger  ^om  this  source  in 
feeding  the  hay  or  fodder. 

SILAGE  AND  SOILING. 

The  nonsaccharine  sorghums  are  little  used  for  silage  or  for  soiling, 
as  these  methods  of  feeding  are  not  commonly  practiced  in  the  sec- 
tions where  they  are  grown.  In  sections  adapted  to  their  growth 
Kafir  com  and  milo  will  make  rather  better  silage  than  the  saccharine 
sorghums,  as  they  contain  less  sweet  juice  and  the  percentage  of  grain 
to  the  whole  plant  is  considerably  greater.  The  abundance  of  sweet 
juice  in  the  saccharine  sorghums  sometimes  causes  the  silage  to  be- 
come quite  sour  and  gives  it  a  very  disagreeable  odor. 

As  a  soiling  crop  the  sorghums  are  desirable  because  they  are  avail- 
able during  July,  August,  and  September,  when  most  other  crops  are 
not  in  condition  for  feeding.  They  are  specially  valuable  during  a 
period  of  drought,  when  pastures  are  short,  as  they  are  little  affected 
by  dry  weather  and  furnish  a  large  quantity  of  succulent  feed  when  it 
is  most  needed.  The  saccharine  varieties  are  usually  considered 
rather  better  than  the  nonsaccharine  ones  for  soiling. 

GRAIN. 

Feed  for  cattle. — Numerous  tests  have  shown  that  the  most  eco- 
nomical way  of  utilizing  the  grain  of  the  nonsaccharine  sorghums  as 
a  fattening  ration  is  to  thrash  and  grind  or  crush  it,  feeding  with 
alfalfa  hay  or  some  other  feed  containing  a  considerable  percentage  of 
protein,  such  as  cotton-seed  meal  or  cake.  The  seeds  of  the  sor- 
ghums are  very  rich  in  carbohydrates,  or  fat-forming  materials,  but 
are  low  in  protein.  The  feeding  of  additional  protein  usually  greatly 
reduces  the  cost  of  the  gains  secured.  The  amount  required  is  com- 
paratively slight,  however.  In  a  test  conducted  by  J.  J.  Edgerton 
for  the  Texas  Agricultural  Experiment  Station,  using  ground  Kafir 
corn  and  milo  and  cotton-seed  cake,  with  sorghum  hay  as  roughage, 
better  and  more  economical  gains  were  secured  from  a  ration  con- 
taining 8.0  per  cent  of  cotton-seed  cake  than  from  one  containing 
about  one-third  more  of  the  cake.  As  Kafir  grain  is  constipating 
when  fed  in  considerable  quantities,  it  is  advisable  to  feed  with  alfalfa 
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hay,  cotton-seed  cake,  or  milo  grain,  all  of  which  tend  to  counteract 
this  condition.  With  hogs  following  the  cattle  the  loss  from  un- 
ground  grain  is  partially  recovered,  but  the  feeding  of  the  whole  grain 
in  large  quantities  is  not  advisable  under  any  circumstances. 

As  a  maintenance  ration  a  small  quantity  of  the  grain  may  be  fed 
with  the  stover,  or  the  fodder  may  be  fed.  Probably  this  latter 
method  is  the  more  economical,  especially  if  hogs  follow  the  cattle. 
For  feeding  to  dairy  cows,  the  most  economical  ration  where  alfalfa  is 
produced  is  alfalfji  hay  and  Kafii*  com  or  milo  grain.  Kafir  com  is 
better  than  milo  for  feeding  to  calves  with  skim  milk,  as  the  consti- 
pating effect  of  the  Kafir  corn  checks  any  opposite  tendency  due  to  the 
milk. 

Feed  for  hogs. — The  Kansas  and  Oklahoma  agricultural  experi- 
ment stations  have  shown  that  ground  Kafir  com  is  nearly  equal 
to  corn  meal  as  a  fattening  ration  for  hogs.  The  most  economical 
gains  at  the  Kansas  station  were  secured  by  feeding  a  ration  contain- 
ing a  small  proportion  of  some  feed  rich  in  protein.  No  accurate  tests 
have  been  made  of  the  grain  of  the  other  nonsaccharine  varieties  for 
hog  feeding,  but  there  is  no  reason  why  they  should  not  give  fully  as 
satisfactory  returns  as  Kafir  corn.  Hogs  soon  tire  of  Kafir  meal  when 
it  is  fed  alone,  but  when  fed  with  alfalfa  hay  or  some  other  feed  high  in 
protein,  or  when  the  hogs  liave  the  range  of  alfalfa  pasture,  they  eat 
the  Kafir  corn  as  readily  as  corn.  Dry,  whole  Kafir  com  has  proved 
a  more  satisfactory  feed  than  the  soaked  grain,  but  wet  Kafir  meal  has 
given  slightly  better  returns  than  dry  meal.  Excellent  results  have 
been  secured  from  feeding  Kafir  meal  moistened  with  skim  milk,  as 
the  skim  milk  provides  the  necessary  protein  in  addition  to  making 
the  meal  more  palatable. 

Feed  for  sheep. — Very  few  tests  have  been  conducted  by  the 
agricultural  experiment  stations  in  the  feeding  of  these  grains  to 
sheep,  nor  have  many  farmers  had  experience  along  this  line.  Tests 
made  by  the  Kansas  Agricultural  Experiment  Station  have  shown 
practically  the  same  gains  from  feeding  Kafij*  meal  as  from  shelled 
corn,  alfalfa  hay  being  used  as  roughage  in  both  cases.  The  grain 
should  be  ground  for  feeding  to  sheep.  Feeders  in  the  Texas  Pan- 
handle, however,  have  secured  quite  satisfactory  results  from  feeding 
the  grain  in  th(»  head,  using  millet  and  sorghum  hay  as  roughage. 

Feed  for  horses. — Kafir  corn  and  milo  are  usually  considered 
rather  less  heating  than  corn,  and  for  that  reason  make  better  feed  for 
horses  during  hot  weather  or  when  the  animals  are  doing  hard  work. 
Kafir  corn  is  an  excellent  grain  to  feed  with  alfalfa  hay,  as  it  counter- 
acts the  loosening  effect  of  th(^  hay  on  the  bowels.  Where  both  milo 
and  Kafir  corn  are  largely  grown,  farmers  differ  as  to  which  is  the 
better  grain  for  horse  feed.     It  is  })robal)le  that  a  juixture  of  the  two 
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is  slightly  better  than  either  alone.  The  usual  practice  is  to  feed  the 
grain  in  the  head,  though  it  is  sometimes  thrashed  or  crushed.  Con- 
siderable waste  will  be  prevented  if  the  heads  are  run  through  a  cutter 
before  feeding.  The  fiber  helps  to  lighten  the  ration  and  make  the 
grain  more  digestible. 

Feed  for  poultry. — The  seed  of  all  the  nonsaccharine  sorghums 
ranks  high  as  poultr^^  food.  For  fattening  fowls  the  grain  is  about 
equal  to  corn  and  is  much  superior  for  feeding  to  laying  hens.  .  As 
the  fowls  get  considerable  exercise  in  picking  the  grain  out  of  the 
heads,  it  should  not  be  thrashed  for  feeding  to  breeding  stock.  In 
feeding  the  thrashed  seed  the  best  plan  is  to  scatter  it  in  straw  or  lit- 
ter, thus  causing  the  poultry  to  scratch  for  it.  The  thrashed  grain 
should  be  used  for  feeding  to  fowls  which  are  being  fattened.  Seed 
of  the  various  sorghums  forms  a  large  part  of  many  of  the  poultry 
feeds  on  the  market. 

THE  GBAIN  AS  FOOD  FOB  MAN. 

In  the  United  States  the  grain  of  the  nonsaccharine  sorghums  is  not 
used  to  any  great  extent  as  food  for  man,  although  occasionally  the 
meal  is  made  into  cakes  or  bread.  White  Kafir  com  in  particular 
makes  a  very  good  quality  of  meal  and  can  be  used  like  corn  meal 
for  all  purposes.  The  milling  of  these  grains  has  received  little  atten- 
tion, but  the  possibilities  of  their  use  as  food  for  man  are  consider- 
able. In  many  parts  of  Asia  and  in  central  and  southern  Africa  the 
seed  of  tlie  various  sorghums  is  largely  produced  for  human  con- 
sumption and  forms  as  large  a  part  of  the  food  supply  of  the  people 
as  do  rice  and  wheat  in  other  sections. 

FEEDING  VALUE  AND  CHEMICAL  ANALYSES. 

Cliemical  analyses  show  tliat  the  nonsaccharine  sorghums  com- 
pare very  favorably  with  corn,  both  as  to  grain  and  fodder.  The 
fodder,  in  the  green  state  and  when  cured,  shows  almost  exactly  tlie 
same  amount  of  the  various  constitutents  as  corn,  and  there  is  little 
difTerence  in  the  digestibility  of  the  two  fodders.  The  heads  of  the 
nonsaccharine  sorghums  contain  rather  more  water  and  crude  fiber 
thaJi  ear  corn,  and  weight  for  weight  have  considerably  less  value  as 
feed.  Analyses  indicate  that  the  grain  is  only  slightly  less  valuable 
tlian  shelled  corn,  but  tests  have  shown  that  it  is  somewhat  less 
digestible  i^veii  when  ground,  on  account  of  its  hard,  flinty  character. 
In  many  feeding  tests  Kafir  corn  and  milo  have  proved  to  be  worth 
from  four-fifths  to  seven-eighths  as  nmch  as  corn;  that  is,  from 
four-fifths  to  seven-eighths  of  a  bushel  of  corn  equals  in  feeding 
value  1  bushel  of  the  nonsaccharine  sorghums.  According  to  these 
figures  the  sorghums  are  worth  32  to  35  cents  when  corn  is  worth  40 
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cents,  and  48  to  53  cents  when  corn  is  worth  60  cents  a  bushel. 
Figured  on  the  basis  of  100  pounds  of  each  grain,  the  sorghums  are 
worth  60  to  65  cents  when  com  is  worth  75  cents,  and' 80  to  87  cents 
when  com  is  worth  $1. 

MARKET  FOE  THE  SEED. 

Until  two  or  three  years  ago  there  was  very  little  demand  for  the 
grain  produced  by  the  nonsaccharine  sorghums.  Of  late,  however, 
a  fair  market  has  been  built  up,  particularly  for  Kafir  com.  Milo 
and  the  other  sorghums  are  not  yet  much  in  demand  except  in  a 
local  way.  In  seasons  when  feed  is  scarce  on  the  range  the  cattle 
men  pay  good  prices  for  both  the  fodder  and  grain.  The  ruling 
prices  for  Kafir  com  are  much  lower  than  for  com — frequently  not 
more  than  half,  a  discrimination  which  is  not  justified  by  the  differ- 
ence in  the  feedmg  value  of  the  two  grains.  In  California  the  grain 
is  usually  worth  nearly  as  much  as  com.  The  Kafir  com  which  goes 
on  the  market  is  used  in  the  making  of  poultr}^  feed  or  is  ground  and 
sold  as  Kafir  chop.  It  is  also  said  to  be  used  as  an  adulterant  in 
corn  chop,  in  shorts,  and  even  in  the  lower  grades  of  wheat  flour. 
It  is  probable  that  some  of  it  is  used  in  the  manufacture  of  certain 
brands  of-  prepared  breakfast  foods. 

DISEASES  AND  INJUEIOUS  INSECTS. 

The  principal  disease  which  attacks  the  nonsaccharine  sorghums  is 
the  grain  smut  of  sorghum.  This  is  quite  prevalent  and  often  destroys 
as  much  as  5  or  10  })er  cent  of  the  crop.  It  may  be  kept  in  check 
by  soaking  the  seed  in  hot  water  (132°  to  134°  F.)  for  fifteen  minutes.'' 
This  destroys  the  smut  spores,  but  does  not  injure  the  seed.  The 
grain  should  be  dried  immediately  after  the  treatment.  So  far  as 
the  writer  has  observed,  yellow  milo  is  free  from  this  disease.  There 
is  another  snmt  which  sometimes  attacks  the  sorghums,  known  as 
the  whole-head  smut,  which  is  similar  to  that  afl'ecting  com.  This 
disease  is  most  easily  checked  by  seed  selection.  There  are  several 
otlier  diseases  which  are  occasionally  present,  but  they  seldom  do 
serious  damage. 

A  trouble  sometimes  experienced  in  wet  seasons  is  the  failure  of 
the  sorghums  of  all  sorts  to  form  seed.  The  injury  is  probably  due 
to  ''s('>al(ling,"  which  occurs  during  a  })eriod  of  hot,  sunshiny  weather 
immediately  following  a  rain.  The  only  preventive  measure  which 
can  be  taken  is  to  make  several  plantings,  so  that  they  will  come 

«  The  details  of  several  melhocls  of  treating  smut  may  bo  found  in  Farmers*  Bulletin 
No.  250,  ''The  Prevention  of  Stinking  Smut  of  Wheat  and  I/x>80  Smut  of  Oats." 
The  sann*  methods  may  be  us(*d  in  the  treatment  of  sorghum  smut. 
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into  bloom  at  different  dates  and  a  part  of  the  crop  thus  escape  the 
unfavorable  weather  conditions. 

Along  the  eastern  border  of  the  section  where  these  crops  are 
important,  chinch  bugs  are  often  quite  destructive.  The  sorghums 
are  dense  and  succulent  and  furnish  shade  and  food  for  the  bugs 
when  they  are  driven  from  the  grain  fields  by  the  ripening  and  har- 
vesting of  the  grain.  Remedies  for  the  chinch  bug  are  discussed  in 
Farmers'  Bulletm  No.  132. 

IMPKOVEMENT  OF  THE  CKOP. 

« 

The  usual  method  of  securing  seed  for  planting  is  to  take  the 
thrashed  grain  from  the  bin  or  the  heads  as  they  come  from  the  field. 
The  yield  of  grain  and  fodder  may  be  considerably  increased  by  intel- 
ligent selection  of  the  seed  heads.  In  many  sections  it  is  desirable  to 
increase  the  earliness  of  the  crop.  This  may  be  accomplished  by 
selecting  the  earliest  maturing  desirable  heads  in  the  field  and  planting 
these  separate  from  the  main  crop.  By  selecting  the  early  heads  from 
this  plot  for  two  or  three  years  a  very  material  gain  in  earliness  can  be 
effected.  In  the  same  way  desired  results  in  increasing  the  size  of  the 
grain,  the  size  of  the  head,  the  percentage  of  grain  to  the  head  or  to  the 
whole  plant,  or  any  other  particular  may  be  secured. 

The  desirable  type  for  the  production  of  both  grain  and  fodder  in 
Kafir  corn  is  a  stalk  of  medium  height,  juicy  and  sweet,  without 
suckers  or  side  branches,  with  a  large  number  of  broad  leaves,  and 
bearing  a  good-sized  head  well  filled  with  grain.  In  the  dura  group  a 
very  desirable  characteristic  to  be  brought  out  is  erectness  of  heads. 
In  addition,  the  stalks  should  be  of  moderate  height,  uniform,  quite 
juicy,  leafy  J  and  bearing  a  good-sized,  rather  open  head  well  filled 
with  large  grain. 

All  the  varieties  of  sorghum  cross  very  readily,  as  the  flowers  are 
fertilized  to  some  extent  by  pollen  carried  by  the  wind  or  by  insects. 
For  this  reason  the  seed  plot  should  be  a  considerable  distance  from 
any  other  variety  of  sorghum.  The  fact  that  the  plants  are  fre- 
<|uently  cross-pollinated  gives  an  additional  reason  for  selecting  the 
best  seed  heads  and  growing  a  special  seed  plot.  Under  field  condi- 
tions any  variety  of  sorghum  will  soon  become  mixed  by  means  of 
pollen  blown  from  adjoining  fields,  and  the  crop  will  be  irregular  in 
height  and  maturity.  The  tall  stalks  shown  in  figure  7  are  the  result 
of  this  (Tossing,  although  the  field  illustrated  was  remarkably  free 
from  plants  of  this  kind.  The  growing  of  seed  as  free  as  possible  from 
tliis  imdesirable  mixture  is  strongly  to  be  reconamended. 
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SXrMMABY. 

There  are  three  distinct  classes  of  sorghums:  (1)  The  broom  corns, 
(2)  the  saccharine  sorghums,  and  (3)  the  nonsaccharine  sorghums. 

The  important  varieties  of  nonsaccharine  sorghums  may  be  divided 
into  two  groups:  (1)  Kafir  com  and  (2)  the  duras. 

The  varieties  of  Kafir  com  are  stocky,  leafy,  erect-headed  sorghums; 
the  dura  group  usually  grows  taller,  is  less  leafy,  and  the  heads  are 
often  goosenecked. 

The  nonsaccharine  sorghums  are  important  for  the  production  of 
grain  and  forage  in  the  semiarid  sections  of  the  West  and  Southwest. 

These  sorghums  ^^-ill  grow  on  any  good  soil,  but  do  best  on  a  sandy 
loam. 

All  the  varieties  are  remarkably  resistant  to  drought  and  alkali, 
though  they  differ  somewhat  in  their  ability  to  withstand  injury  from 
these  sources. 

The  bad  effect  on  the  land  often  attributed  to  sorghums  is  due 
largely  to  the  poor  physical  condition  in  which  they  leave  the  soil  and 
may  be  remedied  by  proper  tillage. 

The  nonsaccharine  sorghums  should  be  planted  two  or  three  weeks 
later  than  corn,  the  (juaiitity  of  seed  and  the  method  of  planting  vary- 
ing with  the  section  and  the  use  that  is  to  be  made  of  the  crop. 

FrcMjuent  cultivation  is  desirable  to  keep  down  weeds  and  prevent 
evaporation  of  soil  moisture. 

The  crop  is  usually  harvested  with  a  row  binder,  but  may  be  cut  by 
hand  with  a  sled  cutter,  or  in  a  number  of  other  ways. 

The  (Top  may  be  headed  and  the  heads  thrashed,  or  the  whole  plant 
may  be  run  through  the  thrasher. 

Yields  of  25  to  50  bushels  of  grain  and  2  to  5  tons  of  dry  fodder 
may  ordinarily  be  expected. 

Th(^  nonsaccharine  sorghums  may  be  fed  as  fodder  or  hay,  as  silage 
or  as  soiling  (T()J)s;  they  may  be  pastured,  and  the  grain  maybe  fed  to 
all  kinds  of  stock.  When  fed  in  any  of  these  ways,  they  compare  very 
favorably  with  corn  in  food  value.  A  bushel  of  the  grain  is  worth 
about  four-fifths  as  much  as  a  bushel  of  corn  from  the  standpoint  of 
nutrition. 

Chemical  analyses  indicate  that  the  grain  and  fodder  are  about 
ecjual  in  feeding  value  to  corn,  but  are  slightly  less  digestible. 

The  prices  usually  offered  for  the  grain  are  much  less  than  it  is  really 
worth  when  compared  with  corn. 

The  earliness,  ([uality,  and  yield  of  the  crop  may  be  greatly  influ- 
enced bv  careful  selection  of  the  seed. 
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BEANS. 


nrTEODTICTION. 

The  bean  belongs  to  one  of  the  most  important  families  of  economic 
plants  with  which  man  has  to  deal.  While  there  is  a  great  variety 
of  plants  belonging  to  the  pulse  family,  of  which  the  bean  is  a  member, 
varying  in  size  from  low  annual  plants  to  tall,  broad,  spreading  trees, 
there  are  few  members  of  this  group  which  possess  greater  economic 
importance  than  does  the  bean.  Besides  furnishing  wholesome, 
nourishing  food  for  man  and  for  animals,  this  group  of  plants  pro- 
vides the  agriculturist  with  a  means  of  securing  from  the  great  store 
of  nitrogen  in  the  air,  by  the  use  of  one  of  its  members  in  the  crop 
rotation  of  his  farm,  a  sufficient  quantity  of  nitrogen  to  replem'sh 
that  taken  from  the  soil  by  other  agricultural  crops.  Not  all  legumi- 
nous plants  provide  food  for  both  man  and  beast  and  at  the  same 
time  increase  the  fertility  of  the  soil  upon  which  they  grow.  The 
bean,  however,  is  one  of  those  which  has  this  capability.  It  is  therefore 
one  of  the  most  desirable  crops  to  use  in  the  farm  rotation,  as  well 
as  in  market-garden  work. 

While  the  value  of  beans  and  peas  of  various  kinds  as  food  for  man 
and  stock  has  been  known  for  many  generations,  it  is  within  the  mem- 
ory of  men  now  living  that  the  value  of  these  crops  as  soil  renovators 
and  fertility  restorers  has  been  definitely  proved.  Since  these  facts 
have  become  known  the  value  of  such  crops  is  being  more  and  more 
appreciated,  and  their  cultivation,  as  a  result,  very  greatly  extended. 

Perhaps  no  single  agricultural  crop  is  of  greater  economic  import- 
ance to  the  people  of  the  United  States  than  cowpeas,  yet  its  cultiva- 
tion is  comparatively  recent  in  this  country.  Each  year  the  crop  is 
better  appreciated,  and  its  area  is  being  rapidly  extended.  While 
the  cowpea  is  not  a  true  bean  it  is  a  valuable  forage  crop  and  a  great 
soil  renovator.  The  seeds  are  valuable  as  grain,  the  hay  is  equaled 
only  by  alfalfa,  and  as  a  producer  of  organic  matter  for  green  manur- 
ing it  is  unsurpassed. 
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The  member  of  this  great  family  with  which  we  have  at  this  time  to 
deal — the  bean — is  not  so  valuable  from  the  standpoint  of  forage  or 
soil  renovation,  but  is  among  the  most  valuable  members  of  the  great 
group  for  the  seed  which  it  produces.  While  the  seed  is  the  most 
important  and  valuable  factor,  the  power  to  gather  nitrogen  and  to 
render  the  soil  better  for  having  been  grown  upon  it  is  an  important 
consideration  and  one  which  should  not  be  overlooked  by  those  inter- 
ested in  maintaining  the  nitrogen  content  of  the  soil. 

TYPES  OF  BEANS. 

Under  the  general  term  '*bean^^  there  are  no  less  than  eight  distinct 
species  of  plants,  native  to  nearly  as  many  distinct  sections  of  the  sur- 
face of  the  earth.  These  eight  closely  allied  plants,  descriptions  of 
which  follow,  are  quite  universally  spoken  of  as  beans,  and  are  deserv- 
ing of  mention  in  this  connection,  although  not  all  of  them  are  treated 
as  are  the  common  beans,  which  is  the  primary  subject  of  this 
bulletin. 

Broad  beans. — The  Broad  bean  ( Vicia  faba)  is  one  of  the  oldest 
members  of  the  group  of  leguminous  plants  so  far  as  the  records  of 
profane  history  hold  information  concerning  such  plants.  It  is, 
however,  of  minor  importance  within  the  confines  of  the  United 
States,  although  it  is  a  valuable  garden  as  well  as  agricultural  crop  in 
Canada  and  most  European  countries.  Upon  the  continent  of  North 
America  its  cultivation  is  chiefly  confined  to  the  Dominion  of  Canada, 
where  it  is  grown  as  a  garden  crop  and  as  a  companion  to  com  for 
silage  purposes.  This  plant  requires  a  long,  cool  summer,  and  because 
of  the  intense  heat  and  protracted  periods  of  drought  characteristic 
of  most  quarters  of  the  United  States,  it  does  not  thrive  in  this 
country 

Kidney,  or  Haricot,  beans. — Kidney  beans,  known  also  as  Hari- 
cot beans,  and  technically  as  Phaseolus  vulgaris,  are  the  common  field 
and  garden  beans  of  America.  They  also  enjoy  the  distinction,  so  far 
as  records  carry  evidence  upon  this  point,  of  being  natiye  to  the  New 
World.  It  is  the  cultivation  and  uses  of  this  class  which  are  to 
claim  our  attention  in  the  present  publication. 

Lima,  or  Sugar,  beans. — The  plants  of  Lima,  or  Sugar,  beans  (PAo- 
seoluR  lunatus)  are  normally  rank-growing  climbers,  although  within 
recent  times  a  dwarf,  nonclimbing  variety  has  been  developed.  They 
thrive  best  on  strong,  well-enriched  lands  and  under  tropical  or  sub- 
tropical conditions. 
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Bolichos  beans. — Two  familiar  examples  of  the  Dolichos  group 
of  beans,  which  differ  slightly  from  the  common  beans,  are  known  as 
the  Hyacinth  bean  and  the  Asparagus,  or  French  Yard-Long,  bean. 

Soy  beans. — The  soy,  or  soja,  bean  {Glycine  hispida),  while  for  gen- 
erations known  and  much  appreciated  in  Japan,  is  a  comparatively 
recent  introduction  into  the  United  States,  and  its  cultivation  has  not 
as  yet  become  general.  In  Japan  it  is  a  valuable  food  for  man  as 
well  as  for  stock,  but  in  the  United  States  it  has  received  little  atten- 
tion for  purposes  [other  than  the  production  of  forage  for  cattle  and 
swine.  It  is  destined,  however,  to  become  a  very  important  agricul- 
tural product  in  many  sections  of  the  United  States,  both  as  a  grain 
and  forage  crop. 

Scarlet  Eunner  beans. — The  Scarlet  Rimner  bean  (PJiaseolus 
multijlorus)  is  a  strong-growing  climbing  plant,  used  for  decorative 
purposes  on  account  of  its  clusters  of  bright  blossoms  and  the  high 
color  of  the  matured  pods,  which  give  it  an  ornamental  value  of  no 
mean  significance. 

Velvet,  or  Banana,  beans. — The  Velvet,  or  Banana,  bean  {Mucuna 
utilis)  is  one  of  the  most  exacting  members  of  the  bean  family  as 
regards  temperature,  and  as  a  result  in  the  United  States  it  can  only 
be  grown  successfully  within  comparatively  narrow  limits.  In 
Florida  and  along  the  Gulf  coast  it  has  in  recent  years  become  an 
important  forage  as  well  as  green-manuring  crop.  In  those  sections 
of  the  United  States  where  it  can  be  successfully  grown  it  is  a  worthy 
competitor  of  the  cowpea  and  soy  bean. 

Gowpeas. — The  cowpea  (Vigna  sinensis) j  because  of  its  bean-like 
seed  and  habit  of  growthj^  its  great  economic  importance  as  a  forage 
crop  for  the  production  of  hay  and  silage,  and  its  great  value  as  a 
green  manure,  should  be  mentioned  in  connection  with  the  other 
plants  to  which  it  is  so  closely  related  both  botanically  and  econom- 
ically. 

FIELD  AND  GABDEN  GBOTIPS. 

For  convenience  in  reference  and  for  discussion,  beans  may  be 
divided  into  two  general  groups — ^^field^^  and  '^garden^^  beans — 
which  are  by  no  means  distinctly  separate  either  in  appearance  or  in 
characteristics.  Each  of  these  groups  can  again  be  divided  into  bush 
and  pole  beans.  •  Bush  beans  of  the  field  type  are  recognized,  for 
commercial  purposes,  under  three  well-marked  types,  known  as  Kidney, 
Marrow,  and  Pea  beans,  each  of  which  may  be  subdivided  into  two 
groups,  colored  and  white.  The  garden  beans,  like  the  field  beans, 
may  be  divided  into  bush  and  pole  types;  these  again  into  Kidneys 
and  Liinas,  the  term '  ^  Kidney  ^^  in  this  case  including  all  of  the  common 
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garden  beans  whether  of  one  type  or  another,  and  this  group  may 
again  be  divided  into  wax  and  green  pod.  The  same  subdivision 
may  also  be  recorded  under  pole  beans,  as  is  suggested  in  the  following 
classification: 

Classification  of  beans  according  to  groups  and  types. 

Kidney l^"^^' 

Bush ^Marrow fColored. 

IWhite. 

Pea fColored. 

IWhite. 

Pole  or  corn  hill  . . .  White  or  colored. 


Field  beans. 


Garden  beans , 

I  Pole 


Bush |f^->- En  pod. 

[  Lima. 

[Kidney /Wax. 

Lima.  iGrcenpod. 

[Runner  (Scarlet  Runner). 


AGBEAGE  GBOWN. 

There  are  no  statistics  available  from  which  to  determine  the  acre- 
age or  quantity  of  beans  produced  as  field  beans  and  as  string  and 
garden  beans.  The  census  for  1900  gives  the  area  of  the  bean  crop, 
including  both  field  and  garden  beans,  as  453,867  acres,  and  the  total 
product  is  placed  at  5,064,844  bushels,  an  average  of  11|  bushels  per 
acre.  The  total  amount  received  by  the  producers  for  the  crop  was 
$7,634,262,  or  an  average  of  $1.51  per  bushel.  In  considering  this 
average  it  must  be  remembered  that  the  total  includes  the  products  of 
good  as  well  as  of  poor  cultivators  and  embraces  regions  in  which  the 
crop  was  a  practical  failure  as  well  as  those  in  which  it  was  a  success. 
For  those  States  which  make  bean  growing  an  important  industry 
the  average  yield  to  the  acre  is  somewhat  higher  than  is  recorded  in 
this  general  average. 

The  three  States  which  lead  all  others  in  the  production  of  this 
crop  are  Micliigan,  New  York,  and  California,  followed  by  Wisconsin, 
Maine,  Virginia,  North  Carolina,  Tennessee,  Missouri,  Minnesota, 
Illinois,  Kentucky,  New  Mexico,  and  West  Virginia.  The  other 
States  which  produce  a  considerable  acreage  of  garden  beans,  with 
the  exception  of  Horida,  cultivate  less  than  3,000  acres.  Florida  is 
reported  as  cultivating  9,189  acres  in  1899.  The  great  bulk  of  this 
crop  reached  the  market  as  snap  or  string  beans.  Those  beans  which 
were  not  marketed  in  this  way  were  of  course  allowed  to  ripen  and 
represent  a  small  percentage  of  the  total  crop  of  dry  beans.  The 
States  in  which  the  great  bulk  of  dry  or  field  beans  is  produced  are 
Michigan,  New  York,  California,  and  Maine. 
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The  geographical  distribution  of  this  crop,  as  indicated  by  the  cen- 
sus of  1900,  is  clearly  presented  in  the  accompanying  map  (fig.  1), 
which  shows  the  counties  in  the  several  States  where  dry  beans  are 
grown  commercially.  This  map  shows  the  influence  of  climate  in 
determining  the  regions  to  which  this  crop  is  adapted.  The  high 
latitude  and  the  peculiar  soil  conditions  of  the  New  England  States 
and  of  New  York  and  the  high  latitude  of  Michigan,  Wisconsin,  and 
Minnesota  are  equally  suited  for  the  production  of  this  crop. 
Another  region  where  there  is  considerable  interest  in  the  culture  of 
this  crop  is  along  the  Allegheny  Mountains  from  southern  Pennsylva- 
nia to  northern  Georgia.  In  the  north-central  part  of  California,  in 
high  altitudes,  are  also  important  bean-producing  centers. 

Within  the  last  decade  the  cultivation  of  field  beans  has  increased 


Fia.  1.    Map  of  the  I'nited  States  showing  counties  in  which  dr>'  beans  are  commercially  grown. 

markedly  in  certain  sections  of  the  eastern  United  States,  particu- 
larly throughout  New  York  and  Michigan.  In  many  areas  in  these 
two  States  beans  have  become  as  much  a  staple  crop  as  was  wheat  a 
quarter  of  a  century  ago.  From  an 'economic  standpoint  this  is  a 
valuable  addition  to  the  farm  rotation  of  the  region  because  of  the 
ability  of  this  crop  to  improve  the  land  upon  which  it  is  grown.  If 
for  no  other  reason  than  this,  the  bean  crop  taking  the  place  of  wheat 
in  the  rotation  would  be  an  advantage  to  the  community.  Of  late 
years,  however,  tlie  bean  crop  has  been  a  more  remunerative  crop 
than  wheat,  which  adds  a  pecuniary  reason  for  growing  the  crop  to 
the  soil-improving  value  previously  noted. 

While  the  distribution  of  field  beans  is  to  a  very  considerable  extent 
determined  by  soil  and  climate,  the  production  of  garden  beans  is  not 
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so  emphatically  influenced  by  these  factors.  The  quick  growth  of 
garden  beans  enables  the  truck  fanner  and  the  market  gardener  to  take 
advantage  of  that  portion  of  the  year  when  the  cHmate  of  the  region 
is  most  congenial  to  the  production  of  the  crop,  and  for  this  reason 
the  demands  of  the  market  as  well  as  the  location  of  the  grower 
determine  largely  the  area  of  garden  beans  to  be  grown  in  any  particu- 
lar locality.  Shipping  facilities,  of  course,  have  as  marked  an 
influence  upon  the  distribution  of  garden  beans  for  early  market  as 
upon  any  other  truck  crop. 

A  third  r61e  in  which  beans  play  an  important  part  is  that  of  a  prod- 
uct for  the  canning  factory.  The  production  of  fresh  beans  for  can- 
ning purposes  conforms  more  closely  to  the  area  in  which  field  beans 
are  produced  than  to  that  where  garden  beans  are  grown  for  early 
market. 

From  what  has  been  said,  it  is  evident  that  there  are  two  important 
divisions  of  the  bean  industry  in  the  United  States,  namely,  the  pro- 
duction of  field  or  drj^  beans  and  the  production  of  garden  beans. 
The  latter  involves  two  industries:  (1)  The  growing  of  beans  for  early 
market,  and  (,2)  the  raising  of  string  or  snap  beans  for  use  by  the 
canning  factories. 

FIELD  BEANS. 

Keference  to  the  map  (fig.  1 )  giving  the  distribution  of  the  areas  in 
which  beans  arc  commercially  cultivated  shows  that  the  regions  in 
which  the  cultivation  of  this  crop  is  most  intensive  lie  chiefly  within 
the  areas  covered  by  the  glacial  drift  of  the  great  ice  age.  The  soils 
of  the  area  are  as  a  nde  strong  and  retentive,  carrying  large  quanti- 
ties of  lime  and  considerable  potash,  phosphoric  acid,  and  organic 
materials.  It  is  not  strange,  therefore,  that  a  crop  which  is  able  to 
gather  nitrogen  from  the  air  should  thrive  well  upon  soils  having  an 
abundant  store  of  phosphoric  acid  and  potash. 

While  beans  j)roduco  abundantly  upon  strong  clay  soils,  yet  the 
clay  loams,  shales,  and  gravelly  soils  of  the  drift  region  are  better 
a(la])ted  to  the  ])r()(luction  of  this  crop  than  are  the  heavy  clays.  The 
growth  of  vine  is  too  much  restricted  u])()n  the  very'  heavy  clay  soils, 
and  while  in  proportion  to  its  growth  the  vines  yield  well,  the  total 
])n)(liK't  is  in  ])rop()rt  ion  to  t  he  growth  of  the  ])lant  as  a  whole.  Figure 
2  shows  a  t yj)ical  bean  iield  in  the  North. 

PREPARATION  OF  THE  SOIIi. 

Since  the*  bean  is  a  warm-season  crop  and  can  not  safely  be  planted 
until  after  danger  from  killing  frost  has  passed,  the  preparation  of 
the  soil  for  field  beans  should  be  deferred  until  the  vegetation  cover- 
ing the  area  has  made  considerable  growth,  so  that  it  may  be  as  com- 
pletely  destroyed    as   possible    during    the    operations   of   plowing, 
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harrowing,  and  fitting  the  land  for  the  reception  of  the  seed.  The 
short-season  character  of  the  bean  crop  enables  the  land  to  be  occupied 
during  the  winter  months  by  some  cover  crop,  such  as  wheat  or  rye, 
and  if  the  same  land  is  used  year  after  year  for  the  production  of 
beans,  the  turning  under  of  winter  cover  crops  furnishes  an  important 
means  by  which  the  store  of  organic  matter  in  the  soil  can  be  main- 
tained, a  consideration  of  great  moment  in  sections  chiefly  dependent 
upon  commercial  fertilizers  as  a  source  for  available  plant  food. 

After  the  land  has  attained  proper  dryness  in  the  spring  it  should 
be  plowed  from  6  to  8  inches  in  depth,  and  immediately  compacted 
and  harrowed,  so  as  to  prevent  the  loss  of  moisture.     The  surface  of 


Fig.  2.— a  typical  bean  field  in  the  North. 

the  seed  hod  should  he  made  smooth  and  fine,  so  that  the  drill  or 
planter  can  ho  (^oonomically  used  upon  it.  If  dry  weather  follows 
at  this  season  of  the  year,  a  good  practice  is,  immediately  preceding 
the  planting  of  the  rop,  to  run  a  heavy  land  roller  over  the  area, 
particularly  if  the  planting  is  done  with  an  ordinary  grain  drill.  If 
the  planting  is  done  with  a  planter  similar  to  the  ordinary  com 
planter  and  tho  land  has  been  rolled  previously,  it  is  advisable  to  go 
over  it  with  a  spike-tooth  harrow  or  some  other  type  of  smoothing 
harrow  after  tho  crop  has  been  planted,  in  order  that  the  land  may  not 
possess  a   comj)acted  condition  from  the  substratum  to  the  surface. 
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The  surface  mulch  which  is  produced  by  the  use  of  the  smooth- 
ing harrow  after  rolling  and  planting  leaves  the  soil  in  the  most 
desirable  condition. 

PLANTINa. 

It  has  already  been  suggested  that  field  beans  should  not  be 
planted  until  all  danger  from  injury  by  frost  has  passed.  In  fact, 
growers  have  found  that  it  is  better  to  postpone  planting  the  crop 
until  as  late  in  the  season  as  is  practicable  and  yet  be  able  to  safely 
harvest  the  crop  before  the  vines  are  injured  by  fall  frost.  The  late 
planted  crop  has  the  advantage  of  escaping  the  most  serious  attacks 
of  the  bean  rust.  While  there  are  undoubtedly  varieties  which  are 
more  or  less  resistant  to  this  trouble,  yet  the  general  practice  of  late 
planting  has  been  found  to  be  of  decided  advantage. 

In  planting  the  field  crop  the  distance  between  the  rows  varies 
from  28  to  36  inches,  according  to  the  implements  used  in  harvesting 
the  crop,  30  inches  being  a  very  satisfactory  and  not  an  unusual  dis- 
tance for  placing  the  rows.  The  seeds  are  so  scattered  as  to  fall  from 
2  to  4  inches  apart  in  the  row.  The  ideal  distance  would  be  undoubt- 
edly 6  inches,  if  it  were  possible  to  obtain  a  perfect  stand  of  plants  at 
this  distance.  Experiments  conducted  by  the  writer  and  by  other 
investigators  have  clearly  demonstrated  that  beans  planted  singly 
ill  the  row  at  intervals  of  from  4  to  6  inches  apart  produce  a  much 
more  abundant  crop  than  the  same  quantity  of  seed  planted  in  hills 
from  1<S  inches  to  3  feet  apart.  For  distributing  the  seed  in  the  row 
iit  these  distances  a  bean  planter  or  a  check  row  com  planter  may  be 
set  to  drop  the  seeds  in  drills.  A  common  practice  is  to  use  an  ordi- 
nary grain  drill  and  stop  a  sufficient  number  of  tubes  to  enable  two  or 
three  rows  of  beans  to  be  planted  at  the  proper  distance  apart  with- 
out the  necessity  of  purchasing  a  special  implement.  By  the  use  of 
range  poles  and  a  9-tooth  drill  spaced  8  inches,  three  rows  of  beans 
can  be  planted  each  time  the  field  is  crossed,  leaving  the  tows  32 
inches  apart.  An  11-tooth  drill  can  be  arranged  to  plant  three  rows 
of  beans  32  inches  apart,  if  the  teeth  of  the  drill  are  spaced  8  inches, 
by  driving  the  wheel  in  the  preceding  wheel  mark  on  each  return  trip. 

Those  contemplating  the  purchase  of  implements  for  different 
uses  should  carefully  study  the  adaptability  of  the  implements  to  the 
work  desired.  It  will  readily  be  seen  that  an  11-tooth  drill  arranged 
to  ])lant  three  rows  32  inches  apart  will  be  a  much  moie  convenient 
implement  than  a  9-tooth  drill  similarly  spaced,  as  the  larger 
implement  does  away  w4th  the  necessity  for  using  range  poles. 

Quantity  of  seed  necessary. — The  (|uantity  of  seed  required  to 
plant  an  acre  of  beans  varies  with  the  size  of  the  beans;  that  is,  a 
half-])ushel  of  small  Pea  beans  is  sufficient  to  plant  an  acre  of  ground, 
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while  a  bushel  of  Red  Kidney  beans  is  hardly  suflScient  to  plant  an 
acre  when  the  seed  is  distributed  in  the  ordinary  fashion  in  drills 
rather  than  in  hills.  In  planting  beans  of  the  Pea  and  Marrow  types 
the  quantity  of  seed  varies  from  one-half  to  a  bushel  per  acre,  depend- 
ing upon  the  quality  of  the  beans  and  upon  the  preferences  of  the 
planter.  For  Kidney  beans  the  quantity  varies  from  a  bushel  to  as 
much  as  six  pecks  per  acre.  Ordinarily,  with  rows  30  inches  apart, 
a  bushel  is  a  sufficient  quantity  for  seeding  an  acre. 

Depth  of  planting. — The  depth  at  which  beans  should  be  planted 
is  determined  by  the  character  of  the  soil  and  the  season  of  the 
year  at  which  they  are  planted.  In  heavy,  retentive  soils  plant- 
ing should  be  made  comparatively  shallow,  as  the  peculiar  habit  of 
growth  of  the  bean  is  such  that  it  can  not  readily  reach  the  surface 
if  planted  deep  in  such  soils.  Upon  light  soils  and  early  in  the 
season  planting  can  be  made  quite  deep.  Three  inches  is  not  too 
deep  upon  such  soils,  but  an  inch  and  a  half  or  2  inches  is  the  maxi- 
mum depth  for  planting  upon  retentive  soils.  The  cowpea  is  possibly 
more  exacting  in  regard  to  the  depth  of  planting  than  the  field  bean, 
the  stalk  of  the  young  cowpea  being  more  slender  and  less  able  to 
force  the  seed  leaves  through  any  crust  of  earth  that  may  have 
formed  after  planting.  All  things  considered,  a  satisfactory  depth  for 
planting  beans  is  about  IJ  inches. 

CULTIVATION. 

Like  all  other  hoe  crops  field  beans  require  frequent,  shallow  culti- 
vation. The  stirring  of  the  soil  for  the  purpose  of  holding  the  weeds 
in  check  and  preserving  a  soil  mulch  over  the  area  occupied  by  the 
growing  crop  is  the  important  factor  to  be  considered  in  culture. 
Implements  with  narrow  blades  which  stir  the  soil  to  a  depth  of  be- 
tween 2  and  3  inches  are  most  desirable.  Those  designed  for  the 
culture  of  corn,  which  are  provided  with  narrow  blades  such  as  accom- 
pany all  implements  provided  with  spring  teeth  attachments,  will 
be  found  satisfactory  for  the  cultivation  of  beans. 

At  the  last  cultivation  the  plants  may  be  slightly  hilled;  that  is, 
the  soil  may  be  thrown  toward  the  plants  with  small  wings.  This 
has  the  advantage  of  leaving  the  plants  on  a  slight  ridge,  which 
facilitates  the  work  of  harvesting  when  such  work  is  done  by  mechan- 
ical means.  In  the  cultivation  of  beans  it  is  traditional  that  they 
should  not  be  cultivated  when  the  dew  is  on  the  vines.  This  undoubt- 
edly has  a  slight  foundation  for  the  reason  that  moisture  is  a  conveyor 
of  spores  of  disease  and  might  have  a  tendency  to  distribute  them 
more  widely  than  would  be  the  case  if  moisture  were  allowed  to  dry 
off  the  leaves  without  being  disturbed. 
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HABVESTINa. 

For  many  years  the  handling  of  hoe  crops,  such  as  field  beans, 
upon  an  extensive  scale  was  impossible  because  of  the  great  amount 
of  hand  labor  necessary  to  gather  the  crop.  Within  recent  years, 
however,  labor-saving  devices  have  been  invented  so  that  now  the 
once  laborious  practice  of  hand-pulling  individual  plants  can  be  done 
away  with  by  the  use  of  a  bean  harvester. 

This  implement  is  built  on  the  principle  of  a  pair  of  shears  and 
consists  of  two  long  steel  blades  mounted  upon  a  strong  framework 
carried  upon  wheels,  as  illustrated  in  figure  3.  The  long  shear-like 
blades  are  set  to  cut  the  roots  of  the  plants  just  beneath  the  surface 
of  the  ground.  Above  these  blades  guard  rods  or  guide  rods  are 
so    arranged  as    to  move  from  their  original  positions  the  plants 

whose  roots  have 
been  severed,  and, 
since  the  implement 
is  designed  to  cut 
two  rows  of  beans 
across  the  field,  the 
plants  of  two  rows  are 
thrown  together  in  a 
single  windrow.  This 
clears  a  space  for  the 
passage  of  one  of  the 
animals  in  the  team, 
so  that  it  is  necessary 
for  only  one  to  pass 
through  the  standing 
crop,  thus  decreasing  the  amount  of  loss  ])v  shelling  which  would 
result  from  ])oth  animals  being  driven  through  the  standing  crop. 

After  the  plants  are  thrown  together  bv  the  harvester,  as  shown  in 
figure  4,  it  is  customary  for  imm  with  ordinary  pitchforks,  either 
2  or  3  tined,  to  follow  the  harvester  and  place  the  beans  in  small 
heaps,  as  shown  in  figure  o,  to  cure  for  several  days  before  storing 
them  in  barns  or  sheds  for  thrashing.  In  some  instances,  where  the 
work  is  (lone  u])()n  a  very  extensive  scale  and  where  the  loss  from 
shelling  is  not  considered  sufficient  to  justify  the  employment  of 
hand  labor  for  bunching  tlie  beans  with  forks,  an  ordinary  horserake 
is  ein])l()ve(l  for  the  ])ur])ose  (see  fig.  0). 

Where  the  beans  are  to  remain  for  a  longer  period  and  to  become 
more  thoroughly  cured  in  the  i\o\d  and  where  the  work  of  harvesting 
is  done  entirely  hy  hand,  the  cro])  is  frequently  placed  in  shocks 
which  are  built  about  a  pole  4  or  5  feet  in  height,  both  ends  of  which 
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have  been  sharpened  and  one  end  firmly  placed  in  the  ground.  A 
small  quantity  of  straw,  grass,  or  other  material  is  placed  around  the 
base  of  the  stake,  and  the  beans  as  they  are  pulled  are  piled  around 
the  pole  until  a  compact  miniature  stack  about  4  or  5  feet  high  is 
formed,  as  shown  in  figure  7.  This  operation  is  very  similar  to  the 
common  practice  followed  by  the  growers  of  peanuts  in  stacking  and 
curing  this  crop.  The  curing  process  in  any  case  is  carried  far  enough 
to  prevent  the  vines  molding  after  storing  them  in  the  bam  prior  to 
thrashing.  If  the  vines  are  thoroughly  ripened  in  the  field  before 
harvesting,  they  can  be  stored  in  from  two  to  three  days  if  the 
weather  is  satisfactory.     If,  however,  the  vines  have  some  green 


Fig.  4.— a  bean  harvester  at  work. 

leaves  upon  them  and  the  pods  are  not  thoroughly  dry,  the  period 
for  curing  in  the  field  is  of  necessity  much  longer  than  with  thor- 
oughly ripened  plants. 

After  the  crop  has  been  properly  cured  in  the  field  it  is  customary 
to  store  the  beans  in  barn  lofts  or  in  sheds  imtil  the  weather  has 
become  (juite  cool  before  the  work  of  thrashing  is  done.  In  some 
instances,  however,  if  the  beans  are  thoroughly  field  cured  they  may 
be  thrashed  in  the  field;  but  ordinarily,  in  those  regions  where  beans 
are  extensively  grown,  weather  conditions  will  not  permit  of  their 
being  cured  and  left  in  the  field  a  sufficient  period  to  enable  the  entire 
work  of  harvesting  and  thrashing  to  be  carried  on  in  the  open. 
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After  the  plants  are  thoroughly  cured  they  are  carried  as  carefully 
as  possible  to  the  building  in  which  they  are  to  be  stored.  In  fact, 
all  operations  connected  with  the  harvesting  and  field  management 
of  beans  should  be  done  as  carefully  as  possible,  in  order  to  avoid 
injury  to  the  plants  while  in  the  growing  condition  and  to  prevent 
shelling  the  beans  after  they  have  ripened.  Most  varieties  of  beans 
shell  more  or  less  easily  after  the  pods  have  become  thoroughly 
matured.  The  loss  from  shelling  will  depend  largely  upon  the  care 
in  handling  them  during  the  various  operations  of  harvesting  and 
storing.  Most  extensive  growers  of  beans,  however,  consider  the 
loss  by  shelling  resulting  from  the  use  of  labor-saving  machinery  of 
less  money  value  than  the  added  cost  of  carrying  on  all  operations 

by  hand  in  the  most 
careful  way.  In 
other  words,  the  loss 
from  the  use  of 
labor  -  saving  m  a  - 
chinery  is  not  suflS- 
cient  to  justify  the 
return  to  hand  labor 
in  the  care  and  man- 
agement of  the  crop. 

THRASHING. 

Because  of  the 
ease  with  which  the 
pods  of  the  bean  are 
broken  and  split  and 
the  danger  of  break- 
ing and  splitting  the 
seed  of  the  bean,  the  operation  of  thrashing  is  one  of  the  most 
exacting  connected  with  the  production  of  dry  beans.  In  olden 
times  beans  were  thrashed  almost  exclusively  by  the  use  of  the  flail, 
and  small  crops  are  still  handled  in  this  way.  On  an  extensive 
scale,  however,  beans  are  thrashed  by  machinery  specially  designed 
fo"  tile  work.  The  ordinary  grain  thrasher  can  not  be  modified  so 
as  lo  satisfactorily  do  the  work,  although  it  is  sometimes  employed 
w!i  m  other  specially  designed  machinery  can  not  be  obtained. 

The  modern  bean  thrasher,  a  section  of  which  is  shown  in  figure  8, 
consists  in  reality  of  a  dou])le,  or  tandem,  thrashing  machine,  carry- 
in<r  on.^  cylinder  which  is  operated  at  a  comparatively  low  rate  of 
sp.  (h1  and  a  second  cylinder  run  at  a  nnich  higher  speed.  The  slow 
cylinder,  which  is  the  first,  se})arates  the  beans  from  the  dry  pods. 
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The  vines,  with  the  tougher  pods,  are  then  passed  on  to  the  second 
cylinder,  which  is  operated  at  a  much  higher  rate  of  speed  and  is 
better  equipped  to  separate  the  beans  from  the  pods  which  are  tough 
and  more  retentive.  By  this  arrangement  there  is  less  injury  to  the 
seed  and  consequently  less  loss  both  from  spUtting  the  beans  and 
from  passing  over  beans  in  tough  pods,  which  would  be  the  result 
of  thrashing  with  a  single  cylinder  machine  operating  the  cylinder 
at  a  low  rate  of  speed. 

CliEANING  AND  GRADING. 

While  the  farm  operations  in  connection  with  the  preparation  of 
field  beans  for  market  usually  cease  with  the  thrashing  of  the  crop, 
the  cleaning  and  grading  of  the  product  is  a  very  important  item 


•  Fig.  6.  -::eans  bunched  with  a  horscrakc. 

and  requires  much  hand  work.  Besides  the  removal  of  sticks  and 
straws  from  the  grain  by  the  use  of  the  fan,  the  beans  are  passed 
through  a  machine  which  is  provided  with  a  broad,  slow-moving  belt 
placed  at  such  an  angle  that  split  beans  and  peas,  dirt,  and  stones 
which  are  not  removed  by  the  fan  adhere  to  the  belt  and  are  throA\Ti 
out,  while  the  smooth,  perfect  seeds  fall  back  into  another  receptacle 
and  are  thus  separated  from  the  dirt  and  broken  seeds.  After  this 
the  beans  are  usually  subjected  to  a  third  operation,  which  consists 
in  removing  by  hand  all  broken  and  discolored  seeds,  as  well  as 
foreign  matter,  which  were  not  removed  in  the  other  operations. 
The  work  of  hand  picking  is  chiefly  carried  on  by  women,  and  is 
facilitated  by  the  use  of  machines  operated  by  the  feet  or  some  other 
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motive  power.  In  large  picking  establishments  these  machines  are 
arranged  in  rows,  fed  through  hoppers,  and  operated  by  steam  or 
other  power.  In  smaller  establishments  and  upon  farms,  similarly 
constructed  machines  operated  by  foot  power  are  employed. 

These  machines  are  very  simple  in  construction,  consisting  of  a  can- 
vas belt  about  6  inches  wide  passing  over  rollers,  which  are  operated, 
as  already  indicated,  either  by  power  or  by  a  foot  pedal.  The  beans 
which  are  in  the  hopper  are  shaken  out  upon  the  canvas  belt,  and  as 
the  belt  is  carried  along  the  expert  picker  removes  all  discolored  or 
broken  seeds  and  foreign  matter,  dropping  them  into  side  receptacles 
having  spouts  whicli  cuTry  them  into  barrels  or  baskets,  from  which 
they  can  be  easily  removed.  The  good  beans  are  allowed  to  fall  over 
the  end  of  the  belt  into  anotlier  hopper  and  are  conducted  to  a  con- 
venient receptacle. 

GAEDEV  BEAKS. 

As  has  been  pre- 
viously pointed 
out,  garden  beans 
naturally  fall  into 
two  distinct  classes, 
namely,  bush  and 
pole  beans.  Each 
of  these  general 
classes  is  again  sub- 
divided into  Kid- 
ney and  Lima 
beans.  The  Kidney  beans  of  the  bush  type  are  either  wax  podded  or 
green  podded  in  chanicter,  as  are  also  the  pole  beans  of  this  class. 
Lini/  l)eans,  as  Ls  indicated  in  the  classification  on  page  8,  are  either 
of  the  bush  or  pole  type.  Among  the  garden  beans,  therefore,  there 
lire  hush  and  pole  types  of  the  Kidney  l)ean  which  may  be  either 
green  or  wax  podded:  and  of  the  Linui  beans  there  are  bush  and  pole 
types.  The  character  of  the  so-cidled  Lima  beans  varies  consider- 
ably, but  chiefly  in  the  chiircicter  of  the  seed  itself  and  in  the  habit  of 
growth  of  the  plant.  These  difTerences  will  be  discussed  briefly 
under  the  topic  of  Lima  beans. 

Tlie  type  as  well  as  the  variety  of  garden  bean  to  be  grown  is 
determincMl  by  the  purpose  for  which  it  is  to  ])e  used.  If  it  is  to  be 
us(m1  as  a  snap  or  string  ])ean  for  early  market,  (piick-maturing  green 
or  wax-j>o(hle(l  varieties  are  selected.  If  for  canning  purposes,  a 
(liflenMit  varic^ty  is  selected,  which  may  have  either  green  or  wax 
pods,  while  as  a  rule  green  beans  which  are  requirt^d  late  in  the  season 
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-lIand-pull(Hl  beans  stacked  to  cure. 
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for  table  use  belong  to  the  pole  type.     For  early  beans,  however,  the 
bush  type  is  the  one  most  commonly  used. 

It  is  to  be  regretted  that  there  are  no  available  statistics  giving  the 
acreage,  yield,  and  value  of  garden  beans.  The  map  shown  as  figure 
9  gives  the  geographical  distribution  of  this  industry.  The  range 
and  extent  of  the  cultivation  of  this  crop  are  coincident  with  the 
business  of  market  gardening  and  truck  growing.  Every  market 
gardener,  whether  he  is  catering  to  the  demand  of  a  small  town  or 
to  the  requirements  of  a  city  market,  grows  a  greater  or  smaller 
acreage  of  beans  for  use  as  string  or  snap  beans.  It  is  his  purpose  to 
plant  the  crop  so  as  to  secure  a  succession  of  pickings  from  early  in 
the  season  until  the  plants  are  destroyed  by  frost.  With  the  truck 
grower,  however,  the  object  is  quite  diflferent.  He  depends  for  his 
profit  upon  growing  a  large  acreage  of  a  variety  which  sells  well  and 


Fig.  8.— a  bean  thrasher. 

which  will  come  to  marketable  maturity  at  a  time  when  the  prod- 
ucts of  the  particular  zone  in  which  he  is  located  have  the  ascend- 
ancy in  the  market.  He  does  not  expect  to  anticipate  this  particular 
period  or  to  reap  a  benefit  after  the  product  of  another  section  located 
farther  north  and  closer  to  the  market  than  his  own  becomes  a  com- 
petitor. In  the  one  case  the  crop  is  grown  for  a  continuous  supply 
over  a  long  period;  in  the  other,  the  aim  is  to  secure  a  large  product 
of  desirable  quality  for  a  short  time  only.  Figure  10  shows  a  typical 
field  of  beans  as  grown  at  the  South  lor  use  while  green. 

A  third  factor  entering  into  the  production  of  beans  of  this  type 
is  the  canning  industry.  String  beans  are  a  staple  canning  product, 
and  while  the  canners,  located  in  the  cities  which  are  large  receiving 
and  distributing  points  for  truck  crops,  depend  to  some  extent  upon 
the  purchase  of  these  products  in  the  open  market,  yet  each  of  them 
attempts  to  have  grown  in  the  immediate  vicinity  of  the  factory  a 
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considerable  acreage  of  each  of  the  staple  products  canned  by  that 
factory.  As  a  result  of  this  practice,  beans  are  grown  to  some  extent 
exclusively  for  canning  purposes,  but  not  to  the  extent  that  toma- 
toes, peas,  and  corn  are  grown. 

soUi. 

Beans  adapt  themselves  to  a  wide  diversity  of  soils  and  climate. 
In  fact,  garden  beans,  because  they  are  of  rapid  growth  and  reach 
marketable  maturity  within  a  very  short  time  after  the  seeds  have  been 
planted,  can  be  used  at  certain  periods  of  the  year  in  localities  where 
they  can  not  be  successfully  grown  as  a  staple  field  crop  for  dry  beans. 
Because  of  this  adaptation  of  the  plant,  truck  growers  along  the  Gulf 


¥Ui.  *.).— Miij)  (f  llu'  UniteO  States  showing  count  i«'8  in  wlilch  string  I  wans  are  oommproially  grown. 

and  Atlantic  coasts,  from  Texas  and  Florida  northward,  are  enabled 
to  produce  a  marketable  crop  of  this  vegetable  by -taking  advantage 
of  thai  portion  of  the  season  best  suited  to  its  growth.  The  state- 
ment just  made  in  regard  to  the  adaptation  of  this  crop  to  various 
soils  is  emphatically  brought  out  by  studying  the  types  of  soils  upon 
which  it  IS  successfully  grown  from  southern  Florida  to  Maine. 

The  sandy  soils  of  Florida,  sandy  loams  of  the  Carolinas,  Norfolk 
sandy  loam,  <]:rav(»lly  loams,  and  the  clay  loams  of  the  States  north  of 
N(»\v  Jersey  all  produce  satisfactory  crops  of  garden  beans  when  care 
in  the  selcM-tion  of  varieties  and  in  the  use  of  fertilizers  is  exercised. 
In  g(Mieral  it  may  be  said  that  climate  or  season  is  as  great  a  factor  in 
(IfHerniining  the  yield  and  j)rofit  from  the  cultivation  of  garden  beans 
as  is  soil. 
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Preparation  of  the  soil. — The  bean  is  a  hoe  crop,  and  for  that 
reason  demands  a  soil  free  from  obstructions  to  cultivation — one  which 
is  quick  and  responsive  and  contains  an  abundance  of  available 
plant  food.  The  preparation  should  be  such  as  will  enable  seeds  to 
germinate  quickly;  that  is,  so  fine  that  when  the  seeds  are  planted  the 
soil  shall  come  closely  in  contact  with  the  seeds  and  insure  quick  ger- 
mination. Mechanically  the  soil  should  be  fine,  retentive  of  moisture, 
and  capable  of  being  compacted,  yet  light  enough  to  permit  cultiva- 
tion immediately  after  showers  and  rains,  so  that  heavy  crusts  will 
not  form  and  retard  the  germination  and  growth  of  the  plant. 

For  the  reception  of  the  seed  the  soil  should  be  thoroughly  plowed 
and  harrowed  with  an  implement  which  shall  fine  and  at  the  same 


Fig.  10.— a  typical  field  of  ber.ns  grown  in  the  South  for  use  while  green. 

time  compact  it.  The  depth  to  which  the  soil  should  be  cultivated 
must  be  determined  by  experience.  It  is  not  wise  to  plow  the  land 
more  deeply  for  beans  than  for  other  truck  crops.  As  a  general  prin- 
ciple, however,  soils  used  for  market  garden  or  truck  purposes  should 
be  plowed  deeply  and  })ulverized  thoroughly,  so  as  to  maintain  a  seed 
bed  from  8  to  10  inches  in  depth. 

FERTILIZEBS. 

While  beans  are  quick-growing  and  early-maturing  plants  requiring 
an  abundance  of  available  plant  food  in  the  soil,  yet,  because  of  their 
family  relations,  being  legumes,  they  make  the  soil  better  for  having 
been  grown  upon  it.     They  are  nitrogen-gathering  plants,  and  for  this 
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reason  require  only  a  small  percentage  of  this  element  in  any  fer- 
tilizer used  upon  them.  While  heavy  applications  of  fertilizers  con- 
taining nitrogen,  phosphoric  acid,  and  potash  are  used  by  truck  grow- 
ers in  the  production  of  beans,  as  a  rule  such  fertilizers  should  be  rela- 
tively richer  in  phosphoric  acid  and  potash  than  in  nitrogen.  The 
production  of  garden  beans  for  snap  or  string  beans,  however,  demands 
a  larger  percentage  of  immediately  available  nitrogen  than  does  the 
production  of  field  beans  for  the  dry  grain,  as  in  the  former  case  the 
crop  occupies  the  land  a  shorter  time  and  therefore  gives  it  less  oppor- 
tunity to  provide  itself  with  a  supply  of  nitrogen  from  the  atmosphere. 
The  fertilizer,  if  used  in  the  form  of  commercial  fertilizer,  may  be  dis- 
tributed broadcast  over  the  area  occupied  by  the  crop  with  a  grain 
drill  or  a  fertilizer  distributer,  or  it  may  be  scattered  along  the  row 
at  the  time  the  seeds  are  sown  by  one  of  the  many  types  of  seed  drill 
having  a  fertilizer  attachment. 

PLANTING. 

Garden  beans,  like  field  beans,  may  be  planted  either  in  hills  or  in 
drills.  The  customary  practice,  however,  is  to  plant  the  seeds  in 
drills  so  that  they  shall  fall  2  or  4  inches  apart  in  rows  far  enough 
apart  to  admit  of  cultivation  with  either  one  or  two  horse  imple- 
ments. Because  of  their  peculiar  habit  of  germination — the  elonga- 
tion of  the  part  between  the  root  and  the  seed  leaves,  called  the 
hypocotyl — the  seed  leaves  or  cotyledons  are  lifted  out  of  the  soil. 
A  largo  expenditure  of  energy  on  the  part  of  the  plant  is  necessary  to 
accomplish  this,  and  the  more  compacted  the  soil  and  the  deeper  the 
seed  is  planted  the  more  time  and  energy  are  required  in  accomplish- 
ing this  result.  It  is  evident,  therefore,  that  the  shallower  the  beans 
can  be  planted  without  retarding  satisfactory  germination,  the  better. 

Upon  thoroughly  fine  and  compacted  soils  the  seeds  are  planted 
from  H  to  2  inches  deep.  Shallower  planting  does  not  as  a  rule 
give  as  satisfactory  germination  as  planting  within  the  range  above 
mentioned. 

While  garden  beans  are  planted  in  extensive  areas,  as  is  indicated 
by  figure  0,  they  are,  nevertheless,  fre(|uently  used  as  a  catch  crop 
between  other  ])lants,  such  as  scjuashes  and  cucumbers.  The  bean, 
IxMng  a  (juick-growing  plant,  matures  its  crop  and  is  out  of  the  way 
before  i\w  (Mitire  area  is  denumded  by  the  companion  crop.  In  addi- 
tion to  the  value  of  the  crop  secured  from  the  beans,  it  is  claimed  that 
they  act  beneficially  as  a  windbreak  to  shelter  the  tender  vines  of  the 
cucumber  during  their  early  life.  Beans  also  serve  to  increase  the 
income  froui  areas  upon  which  the  most  intensive  types  of  truck 
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farming  are  conducted.  Upon  such  an  area,  where  a  fall  and  a  spring 
crop  of  lettuce  are  grown,  beans  are  planted  between  the  lettuce 
plants  just  before  they  reach  marketable  size,  so  that  about  the  time 
the  lettuce  is  removed  the  area  will  be  occupied  by  the  young  beans. 
It  not  infrequently  happens  that  the  catch  crop  will  defray  the 
expenses  of  growing  the  main  crop,  a  matter  of  great  importance  in 
intensive  agricultural  operations. 

ftuantity  of  seed  necessary. — The  seed  required  to  plant  an  acre 
of  beans  varies  with  the  style  of  planting,  10  to  12  quarts  being 
required  where  3  or  4  seeds  are  placed  together  in  hills  18  inches 
apart  with  the  rows  30  inches  apart,  while  1  bushel  to  1  i  bushels  are 
needed  for  scattering  the  seeds  with  2  to  3  inches  between  them  in 
drills  30  inches  apart. 

OTJIiTIVATION. 

After  the  beans  have  appeared  above  the  surface  of  the  ground,  the 
subsequent  cultivation  should  be  carried  on  with  implements  which 
stir  the  surface  of  the  soil  only  and  leave  it  fine,  loose,  and  almost 
perfectly  smooth.  To  accomplish  this  with  horsepower  implements 
it  is  necessary  that  they  have  numerous  narrow,  shallow-working 
teeth.  Cultivators  with  broad  teeth,  which  tear  up  the  earth  to  the 
depth  of  4  to  6  inches,  leave  the  ground  rough,  cloddy,  and  uneven, 
thus  exposing  a  large  area  to  the  action  of  the  sun  and  wind,  bringing 
about  an  undue  loss  of  moistiu*e  and  indirectly  acting  to  retard  the 
growth  of  the  plant,  while  shallow  cultivation  with  implements  having 
fine  teeth,  stirring  the  soil  to  the  depth  of  2^  to  3  inches  and  leaving 
the  soil  fine  and  loose,  has  a  tendency  to  conserve  moisture  by  pre- 
serving a  blanket,  or  mulch,  of  loose  earth  over  the  compact  water- 
carrying  strata,  in  which  the  roots  of  the  plants  are  fixed.  This  type 
of  cultivation  is  of  decided  importance  and  value  in  connection  with 
the  cultivation  of  all  quick-growing  crops  which  require  an  abundant 
supply  of  moisture  for  their  development. 

As  the  plants  become  large  and  heavy,  it  is  advisable  at  the  last 
cultivation  to  use  winged  teeth  upon  the  cultivator  in  order  to  throw 
a  small  quantity  of  soil  against  the  stem  of  the  plant  to  assist  in  sup- 
porting it  and  for  the  purpose  of  covering  the  root  slightly  more  than 
it  was  normally  covered  by  practicing  level  culture. 

HARVESTING. 

From  the  nature  of  the  product  the  harvesting  of  garden  beans  for 
use  as  string  or  snap  beans  must  necessarily  be  done  by  hand.  Their 
extensive  culture  is  therefore  restricted  to  areas  in  which  an  abun- 
dant labor  supply  which  can  be  commanded  at  short  notice  is  avail- 
able.    The  importance  of  this  is  suggested  by  the  extent  of  the  area 
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shown  in  figure  10,  as  well  as  by  the  number  of  laborers  shown  in 
figure  11. 

The  market  gardener,  depending  upon  a  limited  labor  supply,  in  a 
region  where  the  wage  is  high,  can  not  afford  to  cultivate  extensive 
areas  of  string  beans.  The  trucking  district  along  th^  Atlantic  coast 
from  Georgia  northward  to  Washington  is  favored  by  an  abundance  of 
colored  labor  which  has,  through  many  years,  been  trained  in  this  class 
of  work.  The  ample  supply  ot  this  labor,  while  it  is  not  highly  effi- 
cient, permits  the  harvesting  of  the  crop  at  a  reasonable  compensation, 
thus  allowing  extensive  areas  of  string  beans  to  be  grown  at  a  satisfac- 
tory profit  to  the  planter.  It  is  customary  to  harvest  string  beans 
by  the  measure,  most  growers  using  a  bushel  basket  as  the  unit  for 
payment. 

After  the  beans  are  picked  they  are  carried  to  a  convenient  sorting 
table,  either  in  the  open  or  under  shelter,  where  they  are  looked  over, 
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Fig.  11.— Harvesting  snap  beans. 

all  disease(i  and  broken  beans  rejected,  and  the  baskets  uniformly 
filled  and  shaken  down  preparatory  to  covering  them  for  shipment. 
The  method  of  assorting  beans  is  shown  in  figure  12.  As  is  suggested 
by  this  illustration,  string  beans  are  usually  shipped  in  bushel  or 
half-bushel  baskets  of  the  Delaware  type.  These  baskets  are  made 
of  thin  staves,  have  circular  heads  and  covers,  and  are  usually  reen- 
foreed  with  wooden  or  wire  hoops.  A  ventilated  cover  is  also  pro- 
vided, wlik'h  is  held  in  place  by  wire  fasteners.  After  being  assorted 
and  packcMl  in  these  baskets,  the  beans  are  transported,  if  only  a  short 
distance,  ])y  frei^jht  or  express  without  refrigeration;  but  if  shipped 
lonjj:  distances  they  are  sometimes  placed  in  refrigerator  cars  and 
shipped  by  freight. 

Wlien  packed  in  baskets  of  this  cliaracter  great  care  should  be 
exercised  to  keep  tlie  beans  from  becoming  moist,  and  their  storage 
in  cars  or  rooms  where  th.y  will  heat  and  take  up  moisture  should  be 
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avoided.  Beans  are  not  so  liable  to  injury  from  heating  as  peas,  but 
loss  sometimes  occurs  from  this  cause.  In  the  market  beans  are 
usually  sold  by  measure  rather  than  by  weight,  although  the  only 
satisfactory  basis  upon  which  to  sell  any  garden  vegetable  is  that  of 
weight. 

YIELD. 

Under  favorable  circimistances  the  best  varieties  of  beans  yield 
very  large  quantities  of  pods.  It  is  not  unusual  to  gather  200  bushels 
of  string  beans  from  an  acre,  the  price  ranging  from  $2.50  to  50  cents 
per  half-bushel  basket  from  early  in  the  season  until  its  close  for  any 
particular  locality. 
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Fig.  12.— Packing  and  assorting  beans  in  a  truck  garden. 

lilMA  BEANS. 

Under  the  name  of  Lima  beans  two  distinct  types  are  now  recog- 
nized: Pole  Limas  and  dwarf,  or  bush,  Limas.  These  types  are 
made  up  from  two  distinct  species,  known  to  botanists  as  Phaseolus 
lunatuSj  which  includes  the  Sieva,  or  Carolina,  type  of  Lima  beans, 
and  PJiaseolus  lunatus,  variety  macrocarpuSy  the  true  Limas  of  the 
American  garden,  which  includes  both  types  of  this  bean,  i.  e.,  the 
flat,  or  large-seeded,  Lima  and  the  Potato  Lima.  The  pole  Lima 
beans,  then,  are  made  up  from  the  Sieva,  or  Carolina,  Limas,  the 
true  Limas,   the  flat,  large-seeded  Limas,  and  the  Potato  Limas. 
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The  dwarf  Limas  are  represented  in  the  Sieva  type  by  Henderson's 
Dwarf  Lima,  in  the  Potato  Limas  by  Kumerle's  and  Dreer's  Dwarf 
Lima,  and  in  the  true  Limas  by  Burpee's  Dwarf  Lima.  It  will  be 
seen,  therefore,  that  botanically  the  pole  Lima  and  the  dwarf  Lima 
can  not  be  separated — that  varietal  differences  alone  make  the  dis- 
tinctions which  characterize  these  two  groups. 

Lima  beans  are  of  very  great  conunercial  value,  but  are  not  suffi- 
ciently appreciated  as  a  table  food  because  it  is  not  generally  knoA^Ti 
that  in  a  dry  state  they  can  be  used  in  practically  the  same  manner 
as  are  the  common  beans.  Li  reality  they  are  richer  and  more  deli- 
cate in  flavor  than  the  common  beans,  and  can  be  used  in  as  many 
different  ways.  The  virtues  of  these  types  as  green  beans  need  only 
a  passing  mention,  and  their  value  as  an  accompaniment  of  com  in 
succotash  is  well  known  to  every  consumer  of  canned  goods. 

Planting. — The  conamon  method  of  handling  the  Lima  bean  in  the 
climate  of  the  northern  tier  of  States,  outside  of  the  irrigated  belt,  is 
to  plant  from  three  to  five  beans  in  hills  18  to  36  inches  apart,  with 
the  rows  3i  to  4  feet  apart,  and  after  all  danger  from  cold  and  from 
insect  enemies  is  past  the  beans  are  thinned  to  about  three  plants  to 
the  hill.  As  the  beans  are  exceedingly  tender,  it  is  necessary  to  delay 
•planting  in  the  open  until  about  a  week  or  ten  days  after  the  time 
for  planting  the  common  garden  beans.  After  the  second  cultiva- 
tion, when  the  tendency  to  climb  has  manifested  itself,  the  planta- 
tion is  supplied  with  poles  from  5  to  6  feet  high,  or  with  a  trellis 
nmning  from  end  to  end  of  the  row,  which  may  be  made  by  stretch- 
ing two  or  three  wires  lengthwise  of  the  row  and  weaving  between 
them  strands  of  ordinary  wool  twine.  If  the  trellis  is  employed  the 
beans  can  be  planted  in  practically  continuous  rows,  so  that  they 
stand  about  a  foot  apart.  Toward  the  northern  limit  for  cultivating 
this  crop,  one  is  fortunate  if  one-half  to  two- thirds  of  the  pods  which 
set  upon  the  plants  mature  the  seed.  Farther  south  the  crop  is 
proportionally  heavier. 

In  California  and  in  other  irrigated  regions  where  there  are  well- 
marked  wet  and  dry  seasons,  the  dr^^  season,  accompanied  by  heavy 
fogs,  occurring  during  the  summer  months,  it  is  possible  to  cultivate 
Lima  beans  somewhat  as  follows:  Upon  moderately  rich,  somewhat 
sandy  valley  land,  cultivation  can  be  carried  out  by  planting  the  beans 
as  soon  as  all  danger  from  rains  has  ceased  and  the  plantation  will 
remain  drv'  except  for  irrigation.  If  there  has  not  been  suflBcient 
winter  rain  to  thoroughly  moisten  the  land  it  should  be  well  watered 
and  allowed  to  dry  to  a  good  cultural  condition  before  planting. 
Seed  can  then  be  planted  in  hills  about  3i  or  4  feet  apart  each  way, 
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or  in  drills,  the  beans  scattered  about  a  foot  apart  in  rows  4  feet 
apart.  After  the  beans  have  germinated  it  may  be  necessary  to 
cultivate  them  once  or  twice  with  a  sweep  of  some  type,  to  destroy 
any  weeds  which  may  have  sprung  up  from  the  moist  ground.  All 
moisture  should  be  withheld  and  a  dust  mulch  over  the  siuf ace 
preserved  by  running  a  sweep  over  the  plantation  once  or  twice 
more,  and  then  the  vines  should  be  allowed  to  take  possession  of  the 
territory.  This  obviates  the  necessity  of  using  poles,  and  the  crop 
can  grow  to  maturity  under  these  conditions  without  irrigation, 
without  cultivation,  and  without  poles. 

At  harvest  time  a  root  cutter  is  passed  under  the  lines  of  the  rows, 
severing  the  roots  of  the  plants,  and  after  the  plants  have  dried  and 
become  somewhat  cured  they  are  thrown  into  convenient  heaps  for 
loading  on  wagons  and  are  allowed  to  remain  in  these  heaps  until 
near  the  approach  of  the  rainy  season.  Then  they  are  carried  to  the 
thrashing  floors,  where  they  are  beaten  out  by  the  tramping  of  ani- 
mals or  by  driving  over  the  heap  a  device  somewhat  similar  to  the 
ordinary  cutaway  harrow.  Where  Lima  beans  are  grown  very  exten- 
sively, power  thrashers  of  large  capacity  are  used  for  separating  the 
beans  from  the  vines.  There  is  more  loss  reported  from  the  use  of 
these  machines  than  where  the  old  method  of  tramping  them  out  is 
followed,  but  whether  this  is  sufficient  to  justify  the  slower  process 
of  shelling  can  only  be  determined  from  actual  field  tests. 

The  dwarf  Lima  beans,  because  of  their  habit  of  growth,  are 
planted  and  cultivated  practically  the  same  as  are  field  beans.  They 
are  slightly  hardier  than  pole  Limas,  and  for  that  reason  toward  the 
northern  limit  of  the  range  of  this  crop  can  be  planted  somewhat 
earlier  in  the  season  than  the  pole  Limas. 

Gnltivation. — The  Lima  bean  is  naturally  a  long-season  crop,  and  in 
its  native  country  is  practically  a  perennial  plant ;  hence  the  neces- 
sity, in  a  region  with  a  limited  growing  season,  for  taking  advantage 
of  every  factor  in  soil  and  climate  which  will  tend  to  shorten  the  period 
of  growth  and  hasten  maturity.  It  is  possible  to  lengthen  the  season 
by  artificial  means,  when  growing  the  plant  on  a  limited  scale,  by 
planfrng  the  seeds  in  berry  boxes  or  on  inverted  sods  in  a  hotbed 
or  cold  fraane  two  or  three  weeks  in  advance  of  the  regular  planting 
sectson.  The  season  in  the  field  can  be  shortened  by  withholding 
nftrogenous  fertilizers,  which  tend  to  induce  late  growth;  by  sup- 
plying fertilizers  like  muriate  of  potash  and  acid  phosphate,  which 
have  a  tendency  to  hasten  maturity,  and  by  selecting  what  is  known 
as  a  quick  soil — one  which  dries  out  and  warms  up  early  in  the  spring 
and  which,  because  it  is  normally  inclined  to  be  dry,  has  a  tendency 
to  shorten  the  life  cycle  of  the  plants  growing  in  it. 
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DISEASES  AND  EHEMIES. 

One  of  the  factors  which  is  of  great  moment  in  determining  the 
range  of  cultivation  of  field  beans  is  the  bean  weevil.  This  pest  is 
much  more  destructive  to  beans  grown  south  of  the  latitude  of  New 
York  than  in  areas  north  of  this  region.  The  high  altitudes  of  Cali- 
fornia and  of  the  Allegheny  Mountain  region  are  exceptions  to  this 
general  rule.  Because  of  the  greater  destructiveness  of  the  weevil 
in  southern  latitudes,  dry  beans  for  seed  purposes  or  for  table  use 
are  not  extensively  cultivated.  As  has  been  pointed  out,  this  crop 
is  confined  chiefly  to  northern  latitudes  and  to  high  altitudes.  In 
the  production  of  string  beans,  where  the  product  is  marketed  in  an 
inmiature  condition,  the  weevil  does  not  enter  as  a  factor  into  the 
production  of  the  crop. 

The  bean,  like  many  other  of  oiu*  valuable  economic  plants,  is  sub- 
ject to  serious  diseases,  the  most  important  of  which  is  known  as 
anthracnose.  This  disease  is  most  severe  upon  the  wax-podded 
types  of  garden  beans,  but  few  of  the  bush  beans,  whether  of  the 
wax  or  green  pod  type,  are  entirely  free  from  this  trouble.  Local- 
ities may  be  comparatively  free  from  it  for  a  number  of  years,  but 
as  bean  growing  becomes  more  general  and  extensively  engaged  in, 
the  disease  becomes  more  prevalent  and  increases  in  severity.  Grow- 
ers of  field  beans  have  found  that  the  disease  is  most  destructive  to 
the  early  planted  crop,  and  to  partially  overcome  the  loss  from  its 
attacks  have  resorted  to  planting  the  crop  as  late  in  the  season  as 
possible. 

While  anthracnose  can  be  controlled  to  a  considerable  extent  by 
spraying  with  Bordeaux  mixture,  the  expense  of  the  operation, 
including  the  cost  of  material  and  of  labor  for  applying  it,  is  so  great 
as  to  prohibit  its  general  use  in  the  field  cultivation  of  the  crop.  In 
market  gardens  and  in  restricted  areas,  where  beans  are  sold  at  very 
remunerative  prices,  it  may  be  advantageous  and  profitable  to  treat 
plants  for  this  disease.  The  greatest  relief  from  this  trouble,  it  is 
believed,  will  come  from  the  breeding  of  disease-resistant  strains  of 
the  desired  type  of  bean. 
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FARMERS'  BULLETINS. 

The  following  is  a  list,  by  number,  of  the  Farmers*  Bulletins  available  for  distri- 
bution. The  bulletins  entitled  **  Experiment  Station  Work  '*  give  in  brief  the  resulta 
of  experiments  performed  by  the  State  experiment  stations.  Titles  of  other  bulletins 
are  self-explanatory.  Bulletins  in  this  list  will  be  sent  free  to  any  address  in  the 
Unit^  States  on  application  to  your  Senator,  Representative,  or  Delegate  in  Con- 
gress, or  to  the  Secretary  of  Agriculture,  Washington,  D.  C.  Numbers  omitted  have 
been  discontinued,  being  superseded  by  later  bulletins. 
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71.  Essentials  in  Beef  Production.    Pp.  24. 
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THE  COTTON  BOLLWORM. 


nrTEODxrcTioH. 

The  cotton  bollworm  (Heliothis  obsoleta  Fab.)  is  one  of  the 
most  widely  distributed,  and  most  destructive  of  injurious 
Its  presence  has  long  been  felt  by  cotton  planters  through( 
South,  and  since  about  1850  much  attention  has  been  devoted  t 
entomologists. 

The  more  important  results  of  the  earlier  investigations  cob 
by  the  General  Government  were  published  in  the  Agricultui 
ports  of  the  Patent  Office  for  1854  and  1855,  in  Comstock's  Re] 
Cotton  Insects  (1879),  and  in  the  Fourth  Report  of  the  United 
Entomological  Commission  (1885).  More  recently  Bulletins 
29  (old  series)  of  the  Division  of  Entomology  were  issued  in  18 
1893,  respectively,  as  the  result  of  supplementary  investigatio] 
189(>  Dr.  L.  O.  Howard  gave  a  very  comprehensive  account 
species  in  Bulletin  33,  Office  of  Experiment  Stations,  which  wi 
revised  and  made  available  for  general  distribution  as  Farmers' 
tin  47. 

Since  1903  Congress  has  provided  for  a  continijpus  investiga 
the  bolhvorm,  on  account  of  the  seriOus  injury  inflicted  by  it 
we.stern  portion  of  the  cotton  belt  during  the  past  few  year? 
results  of  this  investigation  have  been  published  in  Farmers' 
tins  191  (1904)  and  212  (1905)  ;  and  in  Bulletin  50  (new  series] 
Bureau  of  Entomology,  in  which  Messrs.  A.  L.  Quaintance  an< 
Brues  give  a  very  complete  and  concise  account  of  the  insect  to 

The  dissemination  of  knowledge  resulting  from  the  general 
bution  of  the  several  publications  upon  the  life  history,  habi 
best  means  of  control  has  not  been  entirely  void  of  results, 
theless  the  great  majority  of  planters  have  allowed  its  ravages 
tinue  unchecked  from  year  to  year. 

The  crisis  in  cotton  culture  in  Texas,  brought  about  by  the 
duction  and  spread  of  the  well-known  cotton  boll  weevil,  has 
encd  the  planters  to  the  importance  of  reducing  injury  by  other 
pests,  in  order  to  better  their  chances  of  securing  a  fair  crop  of 
in  spite  of  the  presence  of  the  boll  weevil.  Fortunately  the  n 
found  to  be  of  most  value  in  boll  weevil  control  and  those  wh 
being  largely  adopted  throughout  the  weevil-infested  area  of 
are  also  of  j^aramount  importance  in  lessening  boUworm  ravage 
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8 
UPE  CYCLE. 

There  are  four  distinct  stages  in  the  life  cycle  of  the  bollworm,  as 
is  the  case  with  all  butterflies  and  moths — ^namely,  the  egg^  larva, 
pupa,  and  adult. 

The  egg. — ^The  eggs  of  the  boUworm  moths  are  deposited  upon 
various  plants  and  other  objects,  mainly,  however,  on  the  favorite 
food  plants  of  the  larvse — corn,  cotton,  and  less  frequently  on  toma- 
toes and  tobacco.  They  are  quite  small  (about  one-fiftieth  of  an  inch 
in  diameter),  whitish  objects,  and  may  usually  be  seen  in  numbers 
on  fresh  corn  silks  or  scattered  about  on  the  leaves  of  com  or  upon 
the  foliage  and  fruit  of  cotton,  though  in  the  latter  instances  they 
are  less  easily  seen,  owing  to  their  pale  color.  The  accompanying 
figure  (fig.  1)  shows  the  peculiar  sculpturing  of  the  egg  surface  as 
seen  with  the  aid  of  a  magnifier. 

The  number  of  eggs  laid  by  a  single  moth  varies  from  about  300  to 
nearly  3,000,  with  an  average  of  about  1,100. 

The  temperature  has  a  decided  influence  upon  the  length  of  the  egg 

stage.  It  varies  from  two  and  one-half 
days  during  the  summer  months  to  eight 
days  or  even  longer  in  the  spring  and  fall. 
The  larva. — The  larva  is  the  destructive  ' 

Fio.  l.-Eggof  bollworm;  «Ide  and      «*»g«  ^^  ^^^  ^^S^^t  and,  of  CQUrSe,  the  OUC 

top  views.  Highly  magnified  (from    most  generally  noticcd.   When  first  hatched 
QuaintinceandBrue«).  it  is  very  Small  and  is  usually  overlooked 

until  its  injury  to  the  plant  upon  which  the  egg  was  placed  becomes 
severe  enough  to  attract  attention.  This  early  period  in  the  growth  of 
the  larva  is  practically  the  only  time  when  it  may  be  destroyed  by  the 
use  of  poisons.  The  period  of  growth  of  the  larva  is  largely  depend- 
ent upon  temperature  and  the  abundance  of  the  food  supply.  The 
average  length  of  this  stage,  in  the  summer  months,  is  about  sixteen 
days.  During  this  short  period  the  larva  grows  from  a  tiny  object 
three-fiftieths  of  an  inch  in  length  to  a  stout  worm  IJ  to  1^  inches 
long.  There  is  a  decided  variation  in  the  color  and  markings  of  dif- 
ferent individuals,  nearly  every  gradation  occurring  from  a  pale 
green  through  rose  color  and  brown  to  almost  black. 

The  pupa. — When  the  larva  has  completed  its  growth  it  leaves  its 
food  plant,  usually  attempting  to  reach  the  ground  by  crawling; 
it  then  selects  a  suitable  spot,  usually  within  2  feet  of  the  base  of 
the  plant  from  which  it  crawled  or  fell,  and  burrows  from  2  to  5 
inches  into  the  soil.  A  cell  is  then  constructed  running  back  to 
within  from  one-fourth  to  one-half  an  inch  of  the  soil  surface.  This 
provision  is  made  so  that  the  moth  may  easily  push  off  the  cap  of 
the  ceU  and  escape.    When  this  cell  is  complete  the  larva  molts  its 
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skin  at  the  bottom  where  the  burrow  is  somewhat  enlarged,  and  there 
enters  the  pupal  or  resting  stage.  The  accompanying  figure  (fig.  2) 
illustrates  the  general  form  of  a  cell,  with  the  pupa  in  its  normal 
position. 

As  is  the  case  with  the  egg  and  larval  stages,  the  pupal  stage  is 
shortest  during  the  summer  months,  usually  lasting  from  twelve  to 
sixteen  days.     The  insect  passes  the  winter  as  a  pupa. 


Fig.  li. — Vertical  section  throujjh  the  soil,  HliowinK  pupa  of  Ijoiiworm  in  its  burrow. 
(Copied  from  Quaiutance  and  Brues.) 

The  fact  that  the  adult  is  unable  to  make  its  escape  when  the  pupa 
is  buried  iindi^r  a  few  inches  of  dirt  and  that  the  pupa  itself  is  killed 
by  un(hie  exposure  inniiediately  suggests  the  importance  of  fall 
and  winter  plowing  so  as  to  destroy  these  cells  and  thus  expose  the 
pupte  to  the  inclemencies  of  the  winter  weather  and  to  destruction 
by  birds  and  other  enemies.  This  phase  of  the  subject  will  be  dis- 
cussed later  within  these  j)ages. 
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The  pupa  is  nearly  four-fifths  of  an  inch  long,  shining,  and  of  a 
reddish  brown  color. 

The  adult. — The  bollworm  moth,  though  very  readily  seen  in  com 
or  cotton  fields,  is  recognized  by  but  few  planters  as  the  parent  of 
the  bollworm.  The  accompanying  figure  (fig.  3)  may  aid  in  its 
recognition. 

The  moths  vary  considerably  in  color  and  markings,  ranging  from 
a  dull  olive  green  to  nearly  white.  Some  have  conspicuous  markings, 
while  with  others  the  markings  are  almost  entirely  absent.  The  body 
is  about  three-quarters  of  an  inch  long,  and  the  wing  expanse  is 
about  1  j  inches. 

During  daytime  the  moths  are  seldom  seen  flying  about, Jt)ut  late 
in  the  afternoon  they  come  out  from  their  hiding  places  among  the 
foliage  to  seek  food  and  deposit  their  eggs.     It  may  be  remarked  here 

that  the  adults  are  capable  of  tak- 
ing liquid  food  only.  During  the 
latter  part  of  the  summer  this  con- 
sists mainly  of  nectar  secreted  by 
the  cotton  plants.  The  moths 
are  also  very  fond  of  the  nectar 
secreted  by  cowpeas  and  when  the 
latter  are  present  the  moths  will 
leave  the  cotton  fields  to  gather 
food  from  this  source.  It  was 
found,  from  a  large  series  of  ex- 
periments conducted  by  Mr.  A.  A. 
Girault  during  the  investigations 
of  1904,  that  the  length  of  life  of 
the  moths  depends  largely  upon 
the  food  supply.  This  also  greatly 
influences  the  number  of  eggs  deposited.  In  the  experiments  re- 
ferred to  above,  where  no  food  whatever  was  given  the  moths  the 
average  length  of  life  was  five  and  one-:rourth  days,  and  where  sirup 
was  given  each  day  it  was  twenty-three  and  two-thirds  days. 

Length  of  life  cycle. — The  life  cycle,  from  the  deposition  of  the  egg 
to  the  emergence  of  the  moth,  is  completed  in  about  thirty  days  during 
the  ^ummer  months. 

FOOD  PLANXa 

The  bollworm  is  practically  omnivorous.  Its  habit  of  very  general 
feeding  is  among  the  difficulties  experienced  in  attempting  its  control. 
The  plants  upon  which  the  larvae  have  been  known  to  feed  number 
about  70.    The  principal  crops  in  the  United  States  depredated  upon 
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by  this  species  are  cotton,  corn,  tomatoes,  tobacco,  and  various  gardrai 
crops. 

Various  names  have  been  applied  to  this  insect  according  to  the 
food  plant  or  character  of  injury  inflicted,  the  names  "  bud  worm,'' 
"  corn-ear  worm,"  "  tomato  fruit- worm,"  etc.,  being  variously  applied. 
The  term  "  sharpshooter,"  being  very  loosely  used,  is  quite  often 
applied  to  it.  The  exclusive  use  of  the  term  "  bollworm  "  should  be 
encouraged  to  prevent  confusion,  regardless  of  the  food  plant  upon 
which  the  insect  is  found. 

SEASONAL  mSTOET. 

As  has  been  stated,  the  winter  is  passed  in  the  pupal  stage  in  cells 
formed  in  the  ground  for  that  purpose.  In  the  spring  the  moths 
emerge  at  a  time  varying  considerably  in  different  individuals  and 
latitudes.  In  southern  Texas,  in  the  latitude  of  Victoria,  the  majority 
of  the  adults  emerge  early  in  April,  and  in  northern  Texas,  in  the  lati- 
tude of  Paris,  about  the  middle  of  May.  At  Dallas,  Tex.,  the  date 
of  the  main  emergence  seems  to  be  but  little  earlier  than  at  Paris.  Of 
course  the  time  of  the  first  as  well  as  the  maximum  appearance  of 
bollworm  moths  of  the  first  generation  depends  largely  upon  the 
spring  temperatures. 

Soon  after  emergence  in  the  spring  the  moths  fly  about  to  find 
suitable  places  for  egg  deposition,  the  great  majority  of  them  ovi- 
positing upon  the  leaves  of  the  young  field  com,  which  is  usually 
about  1  or  2  feet  high  at  this  time.  Upon  hatching,  the  young  larvae 
feed  on  the  corn  leaves,  usually  eating  into  the  roll  of  tender  leaves  at 
the  growing  tip.  This  produces  the  characteristic  shot-holed  appear- 
ance in  the  leaves  as  they  unfold. 

By  the  time  the  second  generation  of  moths  appears,  the  com  is 
coming  into  silk  and  tassel  and  the  eggs  are  deposited  in  numbers 
on  the  silks  and  tassels,  as  well  as  upon  the  leaves.  This  is  the  most 
destructive  generation  upon  com,  the  ears  being  largely  attacked. 
The  larvae  of  this  generation  pupate  about  the  time  the  ears  begin  to 
harden,  so  that  when  the  moths  of  the  third  generation  appear,  about 
two  weeks  later,  the  corn  ears  are  nearly  all  hard  and  consequently 
unfit  for  food  for  the  young  larvae  of  the  ensuing  brood.  Finding  the 
corn  hard  and  dry  the  moths  are  attracted  to  adjacent  cotton  fields, 
where  most  of  the  eggs  are  deposited ;  from  these  issues  the  destruc- 
tive August  generation  of  larvae,  which  is  the  main  source  of  injury 
to  the  cotton  crop.  Corn  is  by  far  the  most  preferred  food  of  boll- 
worms,  hence  if  they  can  find  late  com  in  the  neighborhood  the  moths 
oviposit  upon  it  rather  than  upon  cotton. 

Injury  from  the  fourth  generation  is  rarely  serious,  as  the  numbers 
of  this  generation  are  greatly  reduced  by  parasites  and  unfavorable 
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weather  conditions.  The  larvae  of  this  brood  are  often  quite  nu- 
merous on  alfalfa  and  in  a  few  instances  do  serious  damage  to  very 
late  cotton  and  com.  The  larvae  of  this  generation  usually  form 
somewhat  deeper  cells  than  those  occurring  earlier  in  the  season  and 
for  the  most  part  they  pass  the  winter  as  pupae.  However,  a  few 
moths  may  emerge,  giving  rise  to  the  larvae  found  in  very  late  com 
and  gardens  up  to  the  time  of  heavy  frosts.  The  number  of  annual 
generations  varies  in  the  cotton  belt  from  four  to  six  according  to 
the  latitude. 

EXTENT  OF  INJTJEY. 

Severe  injury  to  cotton  is  confined  largely  to  the  western  portion  of 
the  cotton  belt.  During  the  past  few  years  Texas  has  suffered  by  far 
the  greatest  loss  of  any  State  from  boUworm  ravages.  Yet  the  losses 
due  to  bollworm  depredations  in  Louisiana,  Indian  Territory,  Okla- 
homa, Mississippi,  and  Arkansas  are  by  no  means  small. 

A  combination  of  circumstances  in  the  western  portion  of  the 
cotton-growing  area  has  resulted  in  theoretically  almost  perfect  con- 
ditions for  bollworm  development.  The  great  increase  in  the  cotton 
acreage  during  the  past  few  years  has  been  due  largely  to  the  develop- 
ment of  lands  west  of  the  Mississippi  on  account  of  the  westward  tide 
of  immigration.  Central  and  northern  Texas  have  afforded  a  vast 
practically  unbroken  area  of  cotton  and  the  people  in  general  have 
looked  upon  cotton  and  com  as  the  only  crops  to  be  successfully  grown 
on  a  large  scale.  Hence  the  valuable  practice  of  crop  rotation  has  been 
sadly  neglected.  Insufficient  cultivation,  due  in  part  to  the  tenant 
system  so  generally  employed  upon  the  large  plantations  in  Texas, 
and  to  the  planting  of  an  acreage  of  cotton  too  great  for  the  working 
force,  and  also  the  continued  planting  of  run-down  seed  without 
regard  to  earliness,  prolificacy,  or  quality  of  staple,  have  each  lent 
their  unfortunate  influence  in  increasing  the  seriousness  of  the  boll- 
worm problem. 

The  average  annual  injury  by  the  bollworm  to  the  cotton  crop  of 
the  United  States  is  probably  in  the  neighborhood  of  $12,000,000. 

INJTTBY,  1903-1906. 

As  has  been  pointed  out,  the  extent  of  injury  to  cotton  varies 
greatly  from  year  to  year.  From  a  study  of  conditions  during  the 
past  few  years  it  appears  that  this  depends  mainly  upon  the  relative 
earliness  of  the  cotton  crop,  together  with  weather  conditions.  The 
amount  of  plowing  done  during  the  preceding  fall  and  winter  also 
exerts  a  decided  influence  upon  the  extent  of  injury. 

During  1903  the  cotton  crop  was  exceptionally  late;  owing  to 
adverse  weather  conditions  during  the  preceding  fall  and  winter 
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practically  no  plowing  was  done;  the  weather  conditions  during  the 
latter  part  of  the  summer  were  favorable  for  boll  worm  increase;  as 
a  result,  a  year  of  severe  and  widespread  depredations  was  experi- 
enced. Conditions  in  1904  were  almost  the  reverse  and  injury  was 
much  less  general  and  less  severe.  The  crop  was  planted  very  early, 
this  being  due  in  part  to  the  fact  that  weather  conditions  during  the 
fall  and  winter  of  1903  permitted  general  plowing  and  preparations 
for  planting.  The  winter  plowing  evidently  resulted  in  the  destruc- 
tion of  many  pupae,  so  that  the  moths  emerging  in  the  spring,  as 
well  as  subsequent  broods,  were  greatly  lessened.  On  account  of  the 
decided  earliness  of  the  crop  a  considerable  number  of  bolls  were 
sufficiently  mature  to  escape  injury  in  the  presence  of  an  abundance 
of  young  bolls  and  squares. 

During  1905  conditions  were  again  favorable  for  boUworm  depre- 
dations, and  quite  heavy  losses  were  experienced  in  many  counties  in 
Texas,  Indian  Territory,  and  Louisiana.  For  some  unknown  reason 
little  preparation  was  made  in  the  fall  of  1904  for  planting  during  the 
following  spring.  The  severe  weather  in  February,  followed  by  a  wet 
spring,  especially  in  northern  Texas  and  Louisiana,  resulted  in 
general  late  planting  throughout  that  section.  Many  heavy  rains  in 
the  early  summer,  especially  in  northeastern  Texas  and  western 
Louisiana,  resulted  in  the  very  poor  cultivation  of  most  crops,  and 
the  complete  abandonment  of  many  fields. 

While  severe  boll  worm  injury  to  cotton  occurred  over  a  considera- 
ble area  of  Texas  and  Indian  Territory  during  the  season  of  1906, 
the  total  loss  due  to  the  pest  was  not  so  great  as  that  inflicted  in  1905. 

Contrary  to  usual  conditions  the  counties  of  extreme  northeastern 
Texas  did  not  suffer  severe  injury.  The  area  of  greatest  damage 
extended  throughout  the  two  northern  tiers  of  counties  of  Texas, 
from  Lamar  and  Delta  to  Clay  and  Jack  counties,  and  included  the 
southwestern  portion  of  Chickasaw  Nation  and  the  southern  part  of 
Choctaw  Nation,  Indian  Territory.  The  loss  to  cotton  growers  in 
this  area  varied /from  10  to  65  per  cent  of  the  crop,  and  in  certain 
late-planted  tracts  the  destruction  of  the  crop  was  so  complete  as  to 
render  it  unprofitable  to  even  pick  over  the  fields. 

The  precipitation  in  this  section  during  July  and  August  was  con- 
siderably greater  than  normal  and  this  condition  was  undoubtedly 
accountable,  in  part  at  least,  for  the  greater  loss  occasioned  by  the 
bollworni. 

In  the  following  table  a  comparison  is  made  of  the  cotton  crop  for 
each  of  the  years  1903  to  1906,  inclusive,  in  those  eight  counties  of 
Texas  in  which  exceptionally  severe  bollworm  injury  was  inflicted 
during  the  year  1906. 

The  annual  crop  is  given  for  these  eight  counties,  taken  collectively, 
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as  also  its  percentage  of  the  total  crop  of  Texas  for  each  year.  The 
figures  used  in  all  cases  are  the  number  of  bales  ginned  to  December 
18  of  each  year  as  given  by  the  Census  Bureau. 

Taslb  I. — Comparison  of  the  cotton  crop  of  tight  counties  in  Texas  for  the  years  190S-1906, 


Cotmty. 

Number  of 

bales,  1906. 

If  amber  of 
bales,  1906. 

Mnmberof 
bales,  1904. 

Mumberof 

bales,  1908. 

Collin 

46,902 
17,018 
25,176 
57,241 
81.068 
54,186 
80,568 
82,804 

81,065 
18.910 
26,066 
85,887 
81,807 
27.859 
80,069 
82,820 

86^  US 
28,048 
46,466 
81,081 
81,678 
66,658 
86,270 
40,181 

65,995 
17,887 
81,778 
40.814 
48^770 
45,458 
27,870 
80,014 

Ckx>ke 

Benton 

Fannin .        ....        

QravBon 

Hunt 

HonUunie 

(5S^ :::::::::::::::::::::::::::;:::::::::::::::.. 

Total  for  eight  counties  given  above 

294,456 

238,458 

466.650 

297,581 

Total  for  Texas 

8,486,865 

2,172,881 

2,958,067 

2.171.088 

Percentaf  e  of  Texas  crop  grown  In  eight  counties 
givfin  aDove 

8.44 

10.74 

16.77 

18.71 

It  is  notable  that  the  crop  produced  in  these  eight  counties  of  Texas 
in  1906  constitutes  but  8.44  per  cent  of  the  total  crop  of  the  State, 
while  in  1904 — a  year  of  comparatively  slight  boll  worm  injury — the 
crop  of  this  area  was  16.77  per  cent  of  the  State's  production.  In 
1903,  a  year  of  unusually  heavy  boUworm  injury,  the  area  under  dis- 
cussion produced  13.71  per  cent  of  the  crop  of  Texas.  This  com- 
paratively large  percentage  may  be  explained  by  the  fact,  that  severe 
boll  worm  injury  was  more  general  during  that  year,  and  less  severe 
in  this  section  than  in  those  counties  in  the  extreme  northeastern  part 
of  the  State.  The  reduction  of  the  total  crop  of  Texas  by  the  rav- 
ages of  the  boll  weevil  in  1903  also  caused  the  percentage  of  the  crop 
grown  in  these  northern  counties  to  appear  larger,  while  in  1906  the 
crop  produced  in  other  parts  of  the  State  was  exceptionally  large, 
thus  correspondingly  reducing  the  percentage  of  the  crop  produced 
in  this  area  of  heavy  bollworm  damage. 

The  accompanying  diagram  (fig.  4)  shows  the  approximate  area  of 
boUworm  injury  to  cotton  in  Texas,  Indian  Territory,  and  Oklahoma 
during  1906. 

MEANS  OF  GONTEOL. 

The  control  of  the  bollworm  as  compared  with  many  insects  pre- 
sents unusual  difficulties.  However,  as  in  the  case  of  most  insects,  a 
careful  study  of  its  life  history  and  habits  has  revealed  certain  facts 
which,  if  taken  advantage  of,  render  control  quite  certain. 


OXJIiTTTItAL  METHODS. 

Some  planters  seem  to  have  ^ruined  the  idea  that  when  cultural 
methods  are  spoken  of  reference  is  being  made  to  some  complicated 
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and  impractical  system  of  cotton  growing.  This  erroneous  idea  has 
been  largely  dispelled  by  the  distribution  of  publications  upon  this 
subject  and  by  the  demonstration  work  conducted  by  the  Bureau  of 
Entomology  during  the  boll  weevil  and  boUworm  investigations. 

The  influence  of  unscientific  methods  of  farming  upon  insect  depre- 
dations has  been  repeatedly  shown.  In  the  case  of  the  bollworm, 
as  with  many  other  insects,  it  has  been  found  from  experiments  con- 


Fiu.  4. — Area  of  bollworm  injiirj  in  Texas,  Indian  Territory,  and  Olclahoma  in  190(1. 

ducted  during  the  past  few  years  that  much  success  attends  the  adop- 
tion of  improved  farm  methods,  such  as: 

(1)  The  planting  of  early  maturing  varieties. 

(2)  Early  planting  in  the  spring. 

(3)  The  use  of  fertilizers. 

(4)  Early  and  thorough  cultivation. 

(5)  The  plowing  in  the  fall  or  winter  of  all  land  likely  to  con- 

tain hibernating  pupse. 
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In  short,  any  farm  operation  which  will  tend  to  hasten  fruit  pro- 
duction and  its  maturity  is  of  vahie.  Numerous  observations  indicate 
that  bolls  which  are  three-quarters  grown  or  more  by  August  1  are 
practically  exempt  from  bollworm  injury ;  in  fact,  it  is  admitted  by 
all  that  early  cotton  is  much  less  subjected  to  injury  than  late  cotton. 
This  is  due  to  the  preference  of  boUworms  for  the  more  succulent 
young  plants  and  fruit.  As  has  been  stated,  few  boUworms  attack 
cotton  until  the  appearance  of  the  third  generation,  about  August  1 ; 
the  importance  of  having  fruit  production  well  advanced  at  this  date 
is  therefore  quite  evident. 

The  planting  of  cotton  early  in  the  spring  is  practically  the  only 
operation,  valuable  in  reducing  bollworm  injury,  which  has  re- 
ceived general  attention  by  planters.  The  advantage  gained  by  this 
desirable  practice  is  often  offset,  to  a  great  extent,  by  the  use  of  "  run- 
down "  seed.  Oftentimes  planters  fully  appreciate  the  advisability 
of  early  planting,  but  are  unable  to  carry  it  out  owing  to  the  fact  that 
the  land  has  not  been  prepared  during  the  fall  and  winter.  Many 
delay  their  planting  in  the  spring  so  as  to  be  sure  that  all  danger 
from  frost  is  past.  On  the  whole,  the  gains  made  by  early  planting 
year  after  year  entirely  eclipse  the  occasional  losses  from  late  frosts. 

It  has  been  amply  proved  that  the  use  of  fertilizers  on  many  Texas, 
Louisiana,  and  Indian  Territory  soils  aids  greatly  in  securing  early 
maturity  of  cotton,  as  well  as  in  increasing  the  yield. 

The  allowance  of  ample  room  between  the  rows  and  the  practice 
of  early  chopping  so  as  to  encourage  branching  close  to  the  ground 
have  Been  found  valuable  in  increasing  early  square  production,  and 
the  consequent  early  maturity  of  bolls.  Early  and  frequent  cultiva- 
tion should  also  be  practiced  to  aid  in  the  conservation  of  the  mois- 
ture necessary  to  dissolve  plant  food  in  the  soil  and  thus  hasten  the 
growth. 

In  all  cases  the  crop  should  be  gathered  as  expeditiously  as  pos- 
sible, so  as  to  allow  the  land  to  be  thoroughly  plowed  during  the 
fall  and  winter.  As  has  been  stated,  the  destruction  of  the  hiberna- 
ting pupa3  may  be  largely  accomplished  by  this  practice  and,  in  con- 
sequence, the  succeeding  generations  of  bollworms  greatly  reduced. 
Winter  preparation  of  the  land  is,  of  course,  a  requisite  for  early 
planting  as  well. 

ABSENICAIi  FOISOKS. 

In  order  that  a  thorough  understanding  may  be  had  of  the  use 
of  arsenical  poisons  against  bollworms,  it  will  be  necessary  to  outline 
briefly  the  habits  of  the  adults  and  larvae  in  cotton  fields. 

From  numerous  observations  made  upon  the  egg-laying  habits 
of  the  moths  during  the  past  three  years  it  has  been  determined 
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that  from  60  to  78  per  <3ent  of  the  eggs  deposited  in  cotton  fields 
are  placed  elsewhere  than  on  the  squares  and  flowers. 

Immediately  upon  hatching  the  young  larva  usually  devours  the 
eggshell  from  which  it  emerged.  It  then  begins  a  restless  search 
for  food,  wandering  aimlessly  about,  and  now  and  then  eating 
a  tiny  portion  of  the  epidermis  of  the  plant.  Often  these  actions 
are  continued  for  hours,  many  of  the  delicate  larvae  perishing  before 
suitable  food  is  found.  The  minute  larvae  are  unable  to  enter  any 
but  the  most  tender  portions  of  the  plant ;  consequently  those  hatch-  . 
ing  from  the  large  percentage  of  eggs  which  are  not  placed  on  the 
tender  squares,  flowers,  and  small  bolls  crawl  about  and  feed  to  a 
greater  or  less  extent  upon  the  surface  of  the  plant  until  such 
portions  are  found. 

A  number  of  observations  were  made  during  August,  1905,  upon 
larvae  hatching  from  eggs  deposited  on  squares  and  flowers-  The 
six  larvae  under  observation  averaged  about  forty  minutes  in  crawl- 
ing about  and  feeding  before  the  squares  or  flowers  were  entered — 
an  ample  time  for  them  to  have  eaten  sufficient  poison  to  have 
destroyed  them  had  these  portions  of  the  plant  been  thoroughly 
dusted  with  Paris  green.  Hence  it  appears,  from  various  observa- 
tions, that  it  would  be  theoretically  possible  to  destroy  about  90 
per  cent  of  the  larvae  at  the  time  of  hatching,  if  the  plants  were 
kept  continuously  and  thoroughly  covered  with  Paris  green.  The 
impossibility  of  maintaining  poison  continuously  upon  aU  parts  of 
the  plants  during  the  entire  period  of  egg  hatching  is  obvious. 
However,  practical  tests  of  poisoning  cotton  (see  pp.  25-27)  indicate 
that  satisfactory  results  may  be  obtained  by  making  from  1  to  3  appli- 
cations of  Paris  green  or  other  arsenical  poison  at  the  proper  time. 

No  arbitrary  date  for  the  application  of  poison  may  be  given  on 
account  of  the  variability  of  the  time  at  which  the  larvae  begin  to 
hatch  in  destructive  numbers  in  different  localities  and  seasons.  Moths 
are  seldom  seen  in  cotton  fields  until  the  third  generation  appears, 
which  is  usually  from  July  20  to  August  6.  When  moths  in  large 
numbers  are  seen  flying  about  the  fields  in  the  evening  it  may  be  taken 
for  granted  that  oviposition  is  taking  place  and  the  poison  should  be 
applied  within  three  or  four  days. 

As  regards  the  dusting  and  spraying  methods,  the  former  is  usually 
more  practicable,  owing  to  the  difficulty  often  experienced  in  securing 
water  in  proximity  to  the  fields  and  the  greater  time  required  in 
applying  poison  in  liquid  form. 

The  bag  and  pole  method  of  application  is  fairly  efficient  and  obvi- 
ates the  purchase  of  machinery.  Geared  machinery  may  be  secured 
to  apply  poison  either  in  the  dust  or  spray  form.    The  expeuse  of 
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purchasing  such  machinery  may  be  reduced  by  two  or  three  planters 
buying  one  machine  for  their  common  use.  By  the  use  of  geared 
machinery  from  20  to  30  acres  of  cotton  may  be  dusted  in  the  few 
hours  suitable  for  the  work.  In  order  to  secure  good  results  the 
plants  should  be  dusted  while  still  wet  from  dew  or  a  light  shower,  as 
the  moisture  aids  in  retaining  the  fine  particles  of  poison  upon  the 
foliage. 

Three  pounds  of  Paris  green  should  be  applied  per  acre  and  where 
large  machines  are  used  economy  may  be  practiced  by  mixing  the 
poison  with  from  three  to  four  times  the  amount  of  cheap  flour  or 
fine,  air-slaked  lime.  In  spraying,  the  poison  should  be  used  at  the 
rate  of  1  pound  to  50  gallons  of  water.  Owing  to  the  variability  in 
strength  of  poisons  only  reliable  brands  should  be  purchased. 

The  decided  prejudice  on  the  part  of  many  planters  and  pickers 
against  the  application  of  poison  is  entirely  unfounded,  for  no  danger 
attends  its  proper  use  either  in  the  application  or  in  picking  cotton  in 
fields  which  have  been  treated. 

TRAP  OBOPS. 

As  has  been  stated,  corn  is  the  preferred  food  of  boUwonn  larvae 
and  nectar  secreted  by  cowpeas  is  very  attractive  to  the  moths.  From 
a  consideration  of  these  facts  it  is  perfectly  natural  to  conclude  that 
by  proper  manipulation  these  may  be  made  to  form  a  trap  for  the  boll- 
worm  and  thus  protect  cotton  or  other  crops  from  injury. 

The  best  results  may  be  secured  by  leaving  several  unplanted  strips, 
from  60  to  80  feet  wide,  across  the  fields  at  the  time  of  planting 
cotton.  These  strips  should  later  be  planted  to  corn  and  cowpeas  in 
alternate  rows  about  3  feet  apart  at  a  time  which  will  permit  of  the 
corn  being  in  silk  and  tassel  and  the  peas  in  bloom  by  August  1,  the 
approximate  date  of  the  emergence  of  the  majority  of  third  genera- 
tion moths.  The  early  corn  being  then  about  ripe  the  moths  are  im- 
mediately attracted  to  the  trap  rows.  The  cowpeas  afford  food  and 
hiding  places  for  the  moths  and  corn  is  the  favorite  plant  for  oviposi- 
tion ;  the  moths  are  therefore  content  to  remain  in  the  trap  rows  and 
here  their  eggs  are  concentrated,  thus  leaving  the  adjacent  cotton 
practically  free. 

The  accompanying  table  gives  some  idea  of  the  number  of  eggs 
kept  from  surrounding  cotton  fields  by  the  employment  of  a  small 
area  of  June  com  as  a  trap  crop.  These  observations  were  made 
during  1905  at  Ardmore,  Ind.  T.,  on  a  small  area  of  com  which  was 
in  prime  silking  condition  on  August  1.  At  the  time  of  the  first 
examination  the  corn  was  in  full  silk  and  when  the  second  examina- 
tion was  made  the  silks  were  largely  dry  and  some  com  in  roasting 
ears.    The  figures  show  the  average  number  of  eggs  per  plant  and 
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the  average  number  on  various  portions  of  the  plant;  also  the  aver- 
age number  of  larvae  per  plant  and  their  approximate  sizes. 

Table  IL — Average  number  of  bolhoorm  eggs  and  larva  on  com  trap  crop. 


t 

M 

ATem^e  number  of  eggs  per  plant. 

Avem)?tf  number  of  1*rvie  pcf  pUnt. 

i 

1^ 

1 

1 

5 

tkm. 

i 

i 

1 

1 

s 

1 

1 

1 

g 

AllKiMt   1... ..< 

10 

41^3 

108.6 

4±2 

n.T 

im^g 

£.4 

2.7 

.7 

' 

18 

5 

168 

5S 

11 

24A 

74,6 

2L3 

ILS 

5.4 

ia 

L8 

.1 

Viewing  the  trap-crop  idea  superficially  it  might  appear  that  the 
increase  of  boUworms  would  be  favored  by  supplying  their  favorite 
food.  This,  however,  is  not  the  case.  The  concentration  of  the  eggs 
upon  the  com  results  in  their  destruction  in  large  numbers  by  para- 
sites an  1  predaceous  enemies  which  are  attracted  by  the  abundance  of 
food  and  favorable  breeding  places  furnished  them  in  the  form  of 
boUworm  eggs  and  larvae.  It  is  seldom  that  more  than  1  or  2  of  the 
16  to  30  larvae  which  usually  hatch  in  the  fresh  silk  of  an  ear  of  com 
ever  attain  full  growth  on  account  of  their  cannibalistic  habits. 

The  mistake  of  planting  belts  of  com  through  or  around  a  cotton 
field  at  the  usual  time  of  planting  com  in  the  spring  is  of  quite  com- 
mon occurrence.  Instead  of  this  acting  as  a  trap,  as  is  desired,  it  is 
really  detrimental,  as  the  corn  furnishes  a  favorable  breeding  place 
for  the  larvae  during  the  early  summer  and  becomes  hard  about  the 
1st  of  August,  thus  forcing  the  moths  of  the  third  generation  to  seek 
other  places  for  oviposition. 

With  favorable  weather  conditions  and  fair  cultivation  com  planted 
the  last  of  May  or  1st  of  June  will  be  in  silk  and  tassel  by  August  1. 
Cowpeas  planted  about  ten  days  later  will  be  in  full  bloom  about 
that  date.  Mexican  June  com  is  usually  preferable  for  late  planting, 
owing  to  its  larger  root  system  and  consequent  greater  ability  to  with- 
stand drought. 

The  trap-crop  system  will  give  best  results  if  generally  adopted  by 
the  farmers  in  each  locality.  On  large  plantations  the  planting  of 
small  areas  of  corn  here  and  there  in  the  fields  is  practicable.  Such 
early  crops  as  potatoes,  oats,  or  wheat  may  be  followed  by  com  and 
cowpeas  with  practically  the  same  results. 

The  corn  may  be  harvested  in  the  usual  way,  and  the  peas  either 
harvested  or  plowed  under.  Mention  should  be  made  of  the  benefit 
exerted  upon  the  soil  by  the  growing  of  cowpeas  or  other^  plants  of 
this  class. 
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FIEID  WOBK,  1905-1906. 

Laboratory  investigations  of  the  boUworm,  such  as  the  breeding  of 
parasites,  the  studying  of  predaceous  insect  enemies,  etc.,  were  carried 
on  during  the  year  1905.  Attention  was  devoted  mainly,  however,  to 
field  experiments  and  demonstrative  work.  As  the  investigating  force 
was  limited  to  the  writers,  it  was  found  impossible  at  times,  when 
the  work  was  most  pressing,  to  devote  such  personal  attention  to  some 
of  the  experiments  as  was  desired.  Only  a  portion  of  the  writers' 
time  could  be  devoted  to  bollworm  work  during  the  year  1906,  and  ^or 
this  reason  laboratory  investigations  were  entirely  eliminated. 

The  bollworm  investigations  during  the  last  three  years  have  Ijpen 
confined  principally  to  those  portions  of  northern  Texas  and  southern 
Indian  Territory  which  have  suffered  most  in  recent  years  from  boll- 
worm depredations.  The  endeavor  has  been  to  locate  the  experiments, 
as  far  as  possible,  in  territory  not  seriously  infested  with  boll  weevils, 
and  thus  avoid  complications  from  this  source  in  the  results.  .  . 

In  general,  the  field  work  has  been  continued  along  lines  similar 
to  those  followed  in  1903  and  1904,  some  results  of  which  were  pub- 
lished in  Farmers'  Bulletins  191  and  212. 

The  following  is  a  list  of  the  experimental  and  demonstration 
farms  established : 

Experimental  farms  used  in  bollworm  investigations. 

1905. 


Location. 


New  Boston,  Tex 

Avery,  Tex 

Quinlan,  Tex__    . 

Do - 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Greenville,  Tex__ 

Rosscr,  Tex 

Ardmore,  Ind.  T_ 

Do 

Atoka,  Ind.  T. 
Mound.  La 


Denton,  Tex 

Mineoia,  Tex 

New  Boston,  Tex_- 
Wolfe  City,  Tex__- 

Do 

Mound,  La 

Ardmore,  Ind.  T__. 


I 


Plantation  of- 


H.  B.  Eubank 

P.  B.  Gibbons 

R.  W.  Hodge 

Joe  H.  SmFth 

W.  B.  Green 

G.  H.  Vlnlng 

W.  P.  Addlngton 

I).  F.  Borden 

.    W.  E.  Smith 

J   W.  A.  Wallace 

W.  Iligden 

Capt.  J.  P.  Nichols— 

Geo.  P.  Strlbling 

W.  P.  Poland— _     - 

S.  A.  Brown 

John  Wilson 

Col.  P.  L.  Maxwell- 


1906. 


S.  W.  Kanady 

J.  W.  Bogan 

J.  N.  Glass 

C.  E.  Keithly 

J.  C.  Clement 

Col.  P.  L.  Maxwell- 

D.  L.  King 


Number 
of  acres. 


48 
40 
16 
24 
8 
12 
10 
10 
10 
10 
10 
40 
40 
20 
40 
12 
55 


24 
10 
48 
48 
28 
55 
40 


200 
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During  1905,  in  addition  to  the  405  acres  mentioned,  about  50  acres 
were  used  in  12  farms  near  Clarksville,  Tex.,  in  a  cooperative  test 
of  the  com  trap-crop  system,  and  several  small  areas  were  used  in 
cooperative  work  in  other  localities. 

Upon  these  experimental  farms  an  endeavor  was  made  to  demon- 
strate the  value  of  the  several  remedial  measures  outlined  in  the  pre- 
ceding pages,  under  "  Means  of  Control." 

In  all  of  the  experiments  conducted  in  1905  the  results,  as  shown 
by  i^al  yields,  were  supplemented  by  observations  throughout  the 
season  upon  the  relative  earliness  of  and  comparative  boUworm  in- 
jury to  the  plats  receiving  various  treatments.  The  results  of  these 
observations  conform  closely  with  the  final  yields  and  strongly  em- 
phasize the  value  of  improved  methods  in  protecting  cotton  from 
boUworm  injury.  These  observations  include  cotton  grown  on  the 
principal  types  of  soil  of  northern  Texas. 

At  the  time  of  examination  the  injury  to  late  planted  cotton  and 
to  vx.-.ton  raised  from  degenerate  seed  varied  from  12  to  49  per  cent, 
and  to  early  planted  cotton  and  cotton  grown  from  improved  seed 
the  injury  varied  from  1  to  23  per  cent. 

To  illustrate  the  decided  preference  of  the  bollworm  for  the  less 
mature  fruit,  of  a  total  of  24,292  squares  and  bolls  examined  in  sev- 
eral localities,  those  one-half  grown  or  less  niunbered  20,789,  of  which 
number  20.4  per  cent  were  injured;  the  bolls  over  one-half  grown 
numbered  3,504,  with  7.2  per  cent  injured.  The  contrast  between 
the  percentages  of  injury  would  have  been  still  greater  had  the  exami- 
nations been  made  two  weeks  earlier,  as  a  considerable  number  of  th^ 
injured  squares  and  bolls  had  fallen  and  were  buried  by  cultivation, 
while  the  majority  of  the  more  mature  fruit  was  retained  by  the 
plant  even  though  badly  injured. 

ABDMOBE  FABM. 

The  experimental  area  on  the  farm  of  Mr.  S.  A.  Brown  was  located 
on  a  typical  sandy  soil  of  the  cross  timber  region  and  consisted  of 
ten  4-acre  plats. 

The  experiment  consisted  of  comparing  the  King  and  Eowden 
varieties  now  becoming  so  generally  adopted  in  the  bollweevil  and 
bollworm  districts  of  Texas  with  the  much  later  big-boll  sorts  from 
gin-run  seed.  The  effect  of  commercial  fertilizers  upon  the  early 
maturity  and  total  cotton  production  was  also  studied.  Three  stand- 
ard commercial  fertilizers  were  used  in  the  experiment:  (1)  A  com- 
plete fertilizer,  showing  by  analysis  8  per  cent  available  phosphoric 
acid,  2  per  cent  potash,  and  2  per  cent  nitrogen;  (2)  a  compound  of 
acid  phosphate  and  potash  without  nitrogen,  the  analysis  of  which 
showed  10  per  cent  available  phosphoric  acid  and  4  per  cent  potash; 
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(8)  acid  phosphate  alone,  showing  by  analysis  14  per  cent  available 
phosphoric  acid. 

The  following  table  shows  the  treatment  given  and  the  yield  from 
the  several  plats,  together  with  the  increased  yield  from  the  use  of 
fertilizers  and  improved  seed,  as  compared  with  the  yield  of  cotton 
from  ordinary  gin  seed. 

Tablb  III. — TrecUmerU  of  and  remdts  from  plats  on  boUworm  experiment  farm  of  U.  S, 
Department  of  AgricuUure,  Ardmore^  Ind,  T,,  1906. 


PlMt 

No. 


IJ 
HI 
IV 

V 
VII 

Vllf 

IX 


Vwletfofootton. 


King.... 

Rowden 
King 
Row  den. 


King 

Biff  DoLl  (Tarletyun- 

Enown}, 
King.,, 


FertlUser,  and 
qu&ntltj  Ufled 


a  B.  a.n  aoo 

poundn. 

Uufertillzed... 
R.  l\  a.fr  300 
poundJi. 

..•rTdo, 

UoIertlHzed... 

R.  A.  R,o  800 

pounds. 
Dnf©rtili*ed,., 
R.  A.  P.,    300 

ponnilH, 


Dflteof 

ptuittng. 


Apr.  28 

Apr.  ^ 
May     I 


Mfty    2 
May    S 

Mar     4 

.,..do_.. 
Hay    5 


I 


L003.7& 
810.75 

331.50 

370.00 

917.00 

480.36 
74B.76 


> 


7U.lh  t23,2& 


688,75 
4W.75 
467,60 

464.50 


547.00 


00.25 

379.76 


moi 

14.64 
16.42 

1&.3S 


18.05 


1.99 

12,  es 


a. 


I 


IS.46   tZ0.0T 

3.45  i  17.4« 

i  li.H 

S.2a     12.19 

s.2i    ii,io 


2.85 


2. 85 


15,20 


1.00 


aC.  B.  G.— A  commercial  cotton  boll  guano;  analysis-Hi vailable  phosphoric  add,  8  per  cent; 
potash,  2  per  cent;  nitrogen,  2  per  cent. 

bR.  P.  C.^A  commercial  potash  compound:  analysis— available  phosphoric  acid,  10  per  cent; 
potash,  4  per  cent. 

<7R.  A.  P.— A  commercial  phosphoric  add;  analysis— available  phosphoric  add,  14  per  cent. 

Table  IV,  which  follows,  shows  the  comparative  earliness  of  fruit 
maturity  on  the  several  plats.  The  amount  of  seed  cotton  picked 
from  each  plat  during  each  month  is  followed  by  the  total  amount 
picked  from  said  plat  to  the  end  of  that  month. 

Table  IV. — Comparative  earliness  of  fruit  maturity  on  plats  on  bolltoorm  ewperi- 
ment  farm  of  U.  8.  Department  of  Agriculture  at  Ardmore,  Ind,  T.,  1905. 


Plat 
No. 


I 

II 
III 

IV 

V 

VII 

VIII 

IX 

X 


Total  pounds  of  seed  cotton  picked. 


613 
568 
247 

0 
565 

0 
191 

0 

0 


During       £:"^°» 
August.   I  ^0"*' 


To  Septom 
ber  30, 


: 


622 

1,086 

91  fl 

M27 
308 
7M 


I>aring 
October* 


2,447 
1.190 
1.3S3 

016 
1,923 

302 
1,313 

30ft 

7S0 


1,223 

1,021 
£78 
321  I 
821  1 
0  1 

1,329 
533 
066 


To  Octo- 
ber ai. 


3.670 
2.211 

a.  on 

1,7^7 

2,744 

302 

2^047 

1,441 


During 
Novem- 
ber. 


«1 

1,602 

962 

1, 308 

274 

0 

0 

0 


To  No- 
vember 
SO. 


4,3S1 
S^TIS 
2,963 
3,  (HO 
3,018 
302 
2,e47 

m 

2,2T7 


Durtng 
bar 


0 
SOO 
280 
810 
320 

i,m 

1,021 

m 

722 


T^De- 

c«iDbef 

31. 


4,M 

8,  MA 
3,3fi0 
3,338 
1,480 

i,721 
2,099 
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From  a  study 'of  the  table  several  important  points  immediately 
present  themselves.  The  decided  earliness  of  fruit  production  upon 
the  King  plats  is  very  noticeable.  During  August  all  of  the  King 
plats  had  opened  a  sufficient  number  of  bolls  to  be  picked  over,  while 
but  one  of  the  Rowden  plats  could  be  picked.  The  uniform  earli- 
ness of  the  fertilized  as  compared  with  the  unfertilized  plats  is  also 
noticeable;  for  instance,  on  September  30  Plat  I- — ^King  seed,  fertil- 
ized— ^had  produced  2,447  pounds  seed  cotton,  while  on  the  same  date 
Plat  III — King  seed,  unfertilized — ^had  produced  but  1,333  pounds. 
Comparing  results  from  the  use  of  the  three  different  fertilizers,  plats 
upon  which  the  complete  fertilizer  was  applied  excelled  both  in 
earliness  and  total  production.  The  average  yield  per  acre  in  pounds 
of  seed  cotton  was  1,043.26,  836,  and  833.37  upon  the  plats  fertilized 
with  complete  fertilizer,  potash  compound,  and  acid  phosphate,  re- 
spectively. The  contrast  in  earliness  and  total  yield  in  the  case  of 
Plat  VIII,  planted  with  unimproved  seed  and  unfertilized,  and  the 
various  other  plats  is  so  marked  as  to  need  no  special  mention. 

NEW  BOSTOK  FABM8. 

Twelve  plats  of  4  acres  each  were  used  in  the  experiment  con- 
ducted upon  the  plantation  of  Mr.  H.  B.  Eubank  during  1905.  The 
soil  upon  which  the  experimental  farm  was  located  consists  of  a  sandy 
loam,  with  a  red  clay  admixture. 

The  exceedingly  adverse  weather  conditions  during  the  spring  and 
early  summer  greatly  handicapped  the  experiment,  and  resulted  in 
a  smaller  yield  than  was  anticipated ;  however,  all  circumstances  con- 
sidered, the  results  were  very  satisfactory. 

The  experiment  consisted  of  a  fertilizer  test  in  which  King, 
Rowden,  and  gin  seed  were  used.  The  best  results,  both  in  earliness 
and  total  production,  were  obtained  by  using  King  seed,  fertilized 
with  300  pounds  of  cotton-seed  meal  and  100  pounds  of  acid  phos- 
phate per  acre.  ^Vlmost  as  good  returns  were  secured  by  using  King 
seed  fertilized  with  100  pounds  per  acre  of  each  of  the  following: 
Acid  phosphate,  German  kainit,  and  nitrate  of  soda. 

During  the  past  season  Mr.  J.  N.  Glass  conducted  a  similar  experi- 
ment upon  his  plantation,  which  is  located  in  the  deep  sandy  land 
region  south  of  New  Boston.  Owing  to  the  comparative  freedom 
from  boll  worm  injury  the  cultural  methods  employed  were  not  put 
to  a  severe  test,  hence  the  results  as  shown  by  the  total  yield  from 
plats  where  fertilizers  and  improved  seed  were  used  and  early  plant- 
ing and  thorough  cultivation  were  practiced  can  not  be  satisfactorily 
compared  with  the  yields  from  unfertilized  plats  planted  to  gin  seed 
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and  receiving  only  ordinary  care.  In  all  cases  there  was  a  ready 
response  to  the  application  of  complete  fertilizers,  both  in  earliness 
and  increlised  production. 

ST7MMABT  BEMABKS  CONCEBNINO  THE   USE   OF  FEBTILIZEBS. 

From  three  or  even  several  years  of  tests  with  fertilizers  the  writ- 
ers would  be  entirely  unwarranted  in  making  other  than  certain 
general  statements  regarding  their  use.  The  decided  variability  in 
the  soil  constituents,  even  upon  the  same  character  of  land,  and  the 
variation  in  weather  conditions  during  different  seasons  render 
specific  recommendations  inadvisable. 

Many  of  the  Texas  soils  have  been  found  to  be  benefited  by  phos- 
phoric acid.  As  the  chief  object  of  these  experiments  has  been  to 
increase  early  fruit  production,  and  as  acid  phosphate  influences  and 
hastens  fruiting,  the  general  plan  has  been  to  supply  an  abundance 
of  this  element  along  with  the  other  elements  in  which  the  various 
soils  are  supposed  to  be  deficient. 

The  question  is  still  open  as  to  whether  the  general  use  of  fertilizers 
upon  the  rich  bottom  lands  and  strong,  black  waxy  lands  of  northern 
Texas  will  prove  of  value.  However,  there  seems  to  be  no  doubt 
that  the  application  of  fertilizing  elements  to  many  of  the  soils  of 
northern  Texas  and  Indian  Territory  will  increase  the  earliness  and 
prolificacy  of  cotton.  The  experiments  at  Ardmore,  Ind.  T.,  and 
New  Boston,  Tex.,  indicate  that  the  use  of  complete  fertilizers  with 
a  large  percentage  of  phosphoric  acid  will  give  best  results  upon  the 
sandy  loam  soils  of  those  types.  Experiments  conducted  upon  the 
gray  or  mixed  soils,  as  in  the  case  of  the  plats  on  the  farms  Of 
Mr.  C.  E.  Keithly  at  Wolfe  City,  Tex.,  and  Mr.  S.  W.  Kanady  at 
Denton,  Tex.,  indicate  that  soils  of  this  type  respond  freely  to  the 
application  of  acid  phosphate.  The  addition  of  a  small  percentage 
of  potash  to  an  acid  phosphate  fertilizer  seems  also  to  give  beneficial 
results.  In  general,  fertilizers  containing  large  percentages  of 
nitrogen  should  \ye  avoided,  as  they  tend  to  produce  a  large  and 
succulent  growth  of  stalk  and  foliage  which  favors  boUworm  as  well 
as  bollweevil  depredations.  In  order  to  secure  the  best  results  from 
the  use  of  fertilizers  it  is  necessary  that  the  soil  be  kept  ip  good 
physical  condition.  "^  "-  "'* 

It  is  to  be  hoped  that  the  data  obtained  during  the  investigations 
of  the  past  three  years  may  serve  as  a  basis  for  experimentation  on  the 
part  of  planters  in  various  localities  to  determine  which  of  the  three 
principal  elements  of  plant  food — ^namely,  phosphoric  acid,  potash, 
and  nitrogen — and  what  proportions  and  amounts  of  each,  will  give 
the  best  results  on  their  respective  soils. 
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INJUBT  TO  FIELD  OOBN. 

The  close  relation  between  the  depredations  of  the  boUworm  upon 
corn  and  cotton  has  necessitated  a  careful  study  of  the  insect  in  the 
former  as  well  as  in  the  latter  crop.  The  characteristic  injury  to  corn 
has  been  described  in  the  preceding  pages.  Although  boUworm 
injury  to  cotton  greatly  eclipses  that  to  corn,  the  loss  occasioned  by 
its  presence  each  year  in  probably  more  than  75  per  cent  of  the  com 
ears  and  by  the  additional  damage  resulting  from  ferments,  molds, 
and  rain  admitted  through  the  exit  holes  of  the  larvae  is  considerable. 

Injury  to  young  corn  by  the  first  brood  of  boll  worms  is  seldom 
serious.  A  notable  exception,  however,  is  presented  in  the  case  of 
extremely  severe  injury  inflicted  upon  young  corn  by  this  brood  at 
Victoria,  Tex.,  during  the  spring  of  1905.  Mr.  W.  W.  Yothers,  of 
the  Bureau  of  Entomology,  investigated  this  outbreak  quite  thor- 
oughly during  the  latter  part  of  May.  It  was  found  that  severe 
injury  had  been  inflicted  over  quite  an  extended  area,  necessitating 
the  replanting  of  a  considerable  portion  of  the  corn  acreage  to  June 
corn  or  cotton.  It  was  estimated  by  Mr:  Yothers  and  others  that  the 
total  yield  in  the  vicinity  of  Victoria  would  be  reduced  fully  40  per 
cent  on  account  of  bollworm  injury.  Severe  injury  to  corn  was  re- 
ported also  in  Shackleford  County,  Tex.,  but  its  extent  was  not 
definitely  ascertained. 

In  1905  numerous  observations  in  northern  Texas  and  Indian  Ter- 
ritory showed  the  number  of  eggs  and  larvae  to  be  comparatively  few 
upon  corn  until  about  July  1.  After  this  date,  however,  from  90  to 
100  per  cent  of  the  corn  ears  were  found  to  be  infested.  No  serious 
injury  to  corn  was  reported  in  1906,  but  observations  showed  that 
practically  complete  infestation  of  corn  ears  was  attained  during 
the  latter  part  of  the  summer. 

The  chief  means  of  reducing  bollworm  injury  to  corn  is  by  thor- 
oughly breaking,  during  the  fall  and  winter,  all  land  likely  to  contain 
hibernating  pupa?,  a  procedure  which  the  writers  have  stated  to  be  an 
important  part  of  the  cultural  system  in  reducing  bollworm  injury  to 
cotton.  The  practice  of  having  children  and  plow  hands  destroy 
all  larvae'  noticed  in  the  buds  of  young  corn  plants  is  commendable. 

BESXTLTS  OF  POISON  EXPERIMENTS. 

During  1904  poison  experiments  were  conducted  at  Ladonia,  Paris, 
and  Cooper,  Tex.  At  Ladonia  and  Paris  the  experiments  were  con- 
ducted directly  by  the  writers,  while  at  Cooper  the  work  was  carried 
out  by  Mr.  N.  P.  Robertson,  of  that  place.  The  dusting  method  was 
used  exchisively.  The  Paris  green  was  mixed  with  fine,  air-slaked 
lime  at  the  rate  of  1  pound  of  Paris  green  to  4  pounds  of  lime,  and  the 
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mixture  applied  at  the  rate  of  15  poundp  per  acre.  The  general  plan 
adopted  in  all  the  poison  experiments  was  to  select  two  areas  of  from 
3  to  10  acres  each  upon  which  the  cotton  was  as  uniform  as  possible, 
then  to  apply  poison  to  one,  leaving  the  other  as  a  check. 

At  Ladonia  and  Paris  24  acres  were  poisoned,  an  equal  acreage 
being  left  unpoisoned  as  a  check.  A  hand  blower,  mounted  on  a 
wagon  with  wheels  sufficiently  far  apart  to  include  between  them  two 
cotton  rows,  was  used  in  these  experiments,  while  at  Cooper  a  geared 
blower  was  employed.  Desirable  results  have  attended  the  applica- 
tion of  poison  in  practically  every  instance.  The  imf avorable  results 
shown  in  a  few  cases  were  attributable  to  unevenness  of  stand  or  to 
a  too  late  application  of  the  poison. 

The  results  of  the  poison  experiments  at  Cooper  are  given  below: 

Table  V. — BemUs  of  experiment  of  the  U,  8,  Department  of  AgricuUure  in  poieoning 
the  hoUwomif  at  Cooper^  Tex. 
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The  above  figures  show  a  weighted  net  gain  of  $5.21  per  acre  upon 
the  four  poisoned  areas,  as  compared  with  similar  adjoining  areas 
which  were  not  poisoned. 

The  marked  gain  upon  the  plat  receiving  two  applications  was 
probably  not  due  so  much  to  its  having  received  two  applications 
as  to  the  exceptionally  favorable  conditions  attending  the  poisoning. 
The  two  fields  showing  the  greatest  gain  per  acre  were  smooth,  so 
as  to  admit  of  the  easy  manipulation  of  the  large  machine  over  the 
entire  area,  while  the  others  were  more  or  less  rough;  the  wind 
was  also  favorable  when  the  former  fields  were  treated.  A  slight 
shower  preceded  the  second  application  upon  the  area  on  Mr.  N.  P. 
Robertson's  farm,  thus  causing  the  poison  to  adhere  well  to  the 
plants. 

During  1905,  at  Quinlan,  Tex.,  about  50  acres  were  used  in  poison 
experiments.  In  general,  the  results  of  these  experiments  were  satis- 
factory.    Apparently  no  advantage  was  gained  by  making  a  second 
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application  between  August  17  and  20,  the  first  having  been  made 
between  August  1  and  5. 

On  August  24  counts  were  made  to  determine  the  percentage  of 
injury  to  cotton  on  the  poisoned  and  unpoisoned  areas  on  the  farms 
of  Messrs.  W.  A.  Wallace  and  W.  Higden.  Ten  typical  plants  were 
chosen  in  each  of  the  poisoned  and  unpoisoned  areas,  and  all  fruit 
upon  the  plants  and  ground  beneath  them  carefully  examined.  On 
Mr.  Wallace's  farm  the  plants  on  the  unpoisoned  plat  showed -that 
over  16  per  cent  of  the  entire  fruit  was  injured,  while  only  10  per  cent 
of  fruit  on  plants  on  the  poisoned  plat  showed  injury.  On  Mr. 
Higden 's  farm  15  per  cent  of  the  fruit  of  the  plants  on  the  unpoi- 
soned plat  was  found  to  be  injured,  while  but  9  per  cent  was  injured 
on  the  poisoned  plat. 

TRAP  CHEtOP  EXPEBIMENTS. 

In  view  of  the  fact  that  the  greatest  benefit  from  the  use  of  June 
com  as  a  trap  crop  will  come  from  its  general  planting  throughout 
a  neighborhood,  an  endeavor  was  made  during  the  spring  of  1905  to 
arouse  general  interest  in  the  trap-crop  system  among  the  farmers 
in  the  vicinity  of  Clarksville,  Tex.  Nearly  every  season  boUworms 
are  more  or  less  destructive  in  this  locality,  hence  it  was  deemed  a 
desirable  place  for  a  test  of  this  kind. 

Arrangements  were  made  with  each  of  several  planters  just  north 
of  Clarksville  to  plant  from  3  to  6  acres  of  June  com  and  cowpeas. 
The  total  area  thus  arranged  for  in  the  experiment  was  about  50  acres. 

Unfortunately  the  abnormally  heavy  rains  during  June  and  early 
July  rendered  cultivation  of  the  corn  impossible.  In  several  in- 
stances the  crop  was  entirely  killed  out  by  the  excessive  rains  and 
weed  growth. 

There  is  no  way  of  measuring  the  value  of  a  trap  crop  in  pounds 
of  seed  cotton,  as  it  is  impossible  to  arrange  a  check  plat  of  cotton 
where  conditions  are  identical  without  having  the  plats  adjacent,  and 
in  this  case  equal  protection  is  afforded  both  of  the  cotton  areas. 
Although  the  experiment  was  greatly  handicapped  by  the  above-men- 
tioned weather  conditions,  numerous  observations  during  August 
and  September  showed  that  the  adjacent  cotton  was  being  protected 
to  a  considerable  extent  by  the  deposition  of  a  large  number  of  boll- 
worm  eggs  on  the  trap  corn. 

At  Quinlan,  Tex.,  about  30  acres  were  utilized  in  a  similar  experi- 
ment,  with  apparently  good  results.  In  some  instances,  in  addition 
to  the  protection  afforded  the  adjacent  cotton,  a  large  yield  of  corn 
was  obtained  from  the  trap  areas. 
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I.OCAIi  EXTEBMINATIOK. 

Many  insects  increase  with  amazing  rapidity  from  the  compara- 
tively few  individuals  which  pass  the  winter  successfully  to  the 
countless  thousands  at  the  close  of  summer.  The  bollworm  offers  a 
good  example  of  this,  although  the  increase  in  its  case  is  not  so  strik- 
ing as  with  some  other  insects. 

It  has  been  estimated  by  Messrs.  Quaintance  and  Brues,  from 
observations  made  during  1904,  that  in  the  third  generation  the 
larvae  resulting  from  one  female  emerging  the  previous  spring  would 
number  21,175;  or  one  larva  of  the  first  generation  wiU  give  rise  to 
083  descendants  in  August — a  sufficient  number  to  completely  ruin  78 
large  cotton  plants.  In  making  these  calculations  due  allowance 
was  made  for  destruction  in  the  different  stages  by  various  natural 
agencies.  From  these  figures  the  importance  of  destroying  the 
larvae  of  the  early  generations  is  very  apparent. 

Experiments  conducted  at  Quinlan,  Tex.,  and  Atoka,  Ind,  T,,  dur- 
ing 1905  indicate  that  in  isolated  localities  almost  complete  freedom 
from  bollworms  in  cotton  may  be  secured  by  destroying  the  larvae 
of  the  first  and  second  generations  in  all  adjacent  cornfields. 

Various  mechanical  devices  have  been  suggested  for  use  in  de- 
stroying larvae  in  corn  ears.  The  writers  have  given  the  subject 
some  attention,  but  have  been  unable  to  devise  any  satisfactory  scheme 
for  killing  the  larvae  without  opening  the  ears  by  hand.  When 
mechanical  devices  are  used  the  ears  are  often  greatly  damaged  and 
in  many  instances  the  larvae  escape. 

In  the  experiments  conducted  very  few  larvae  of  the  first  generation 
were  seen  in  the  young  corn,  and  the  fields  were  not  carefully  gone 
over  at  that  time;  however,  nearly  every  ear  was  infested  by  the 
second  brood,  as  is  shown  in  the  accompanying  table.  In  case  of  the 
Mineola  record,  ears  upon  which  eggs  were  deposited  were  not 
included  in  the  number  of  those  infested.  Had  these  been  included 
with  the  number  of  infested  ears,  as  should  have  been  done,  the 
infestation  would  have  reached  about  92  per  cent. 

Table  VI. — BuUwonn  larvir  in  corn  and  cost  of  extermination. 


Locality. 


Date  of  ex- 
termination. 


Quinlan,  Tex July  25,1906 

Atoka.Ind.T I  July  29,1906 

Mineola,  Tex July  20,1906 


Total  ears 
examined. 


8,615 
8,279 
14,748 


Percentage 
of  ears  in- 
fested. 


Total  larve 
destroyed. 


96.1 
95.7 
74.4 


8,706 
10,924 
U,00» 


Cost  per 

acre  of  ex- 

tennina- 

tton.. 


$4.40 
8.64 
2.90 


At  Quinlan  the  larvse  were  extracted  from  the  ears  on  about  S 
acres  of  com  and  at  Atoka  from  about  2^  acres.    About  7^  acres  of 

290 


29 

com  were  thus  treated  at  Mineola.  The  stand,  however,  was  poor, 
and  therefore  the  number  of  ears  per  acre  was  comparatively  small. 
In  these  experiments  each  ear  was  opened  sufficiently  at  the  tip  to 
admit  of  the  destruction  of  all  larvae  with  the  fingers.  The  cost  of 
the  work  was  increased  about  one-third  on  account  of  the  making  of 
a  complete  record  of  the  number  of  eggs  upon  the  fresh  silks  and 
the  number  and  approximate  size  of  all  larvae. 

For  several  reasons  it  is  safe  to  say  that  the  practice  of  destroy- 
ing larvae  of  the  early  generations  in  com,  however  important,  will 
never  be  generally  adopted.  In  the  first  place  it  would  be  impossible 
to  get  concerted  action  in  work  of  this  kind,  where  immediate  results 
can  not  be  seen.  The  question  of  securing  efficient  labor  at  the  time 
the  work  should  be  done,  though  difficult,  would  be  n,o  more  so  than 
that  of  finding  time  to  go  over  large  areas  of  com.  The  practice  of 
opening  the  com  ears  might  also  be  objectionable  in  some  cases,  as  it 
would  incTease  the  danger  of  loss  from  decay  and  mildew  during 
rainy  seasons.  The  husks  should  be  closed  after  removing  the 
larvae,  so  as  to  protect  the  ears  from  injury  by  birds. 

At  present  it  seems  that  the  plan  of  extermination  can  only  be 
profitably  adopted  in  isolated  localities  and  where  the  com  acreage 
is  small  as  compared  with  the  acreage  of  cotton  thus  protected. 

Owing  to  the  fact  that  the  moths  fly  freely,  entire  protection  to  cot- 
ton can  not  be  insured  even  though  all  larvae  are  destroyed  in  adjoin- 
ing cornfields — if  there .  are  such  in  the  immediate  neighborhood. 
However,  where  some  barrier  exists,  such  as  timber  or  a  large  field  of 
grain — the  former  especially — between  neighboring  cornfields  and  the 
area  for  which  protection  is  being  sought,  there  is  little  danger  that 
moths  will  find  their  way  in  numbers  to  the  cotton. 

THE  MORE  IMPORTANT  NATURAL  FACTORS  IN  BOLLWORM 

CONTROL. 

The  feeding  habits  of  the  boUworm  larvae  afford  them  much  pro- 
tection from  various  natural  enemies.  The  mortality  from  these 
sources  is  therefore  much  greater  in  the  egg  stage  than  during  any 
other  period  of  development.  Numerous  parasitic  and  predaceous 
insects  destroy  a  great  many  eggs  and  this  is  especially  true  where  the 
eggs  are  concentrated  upon  certain  plants,  as  in  the  case  of  corn  used 
as  a  trap  crop.  A  tiny  parasite,  scarcely  visible  to  the  unaided  eye,  is 
responsible  for  the  destruction  of  from  20  to  80  per  cent  of  the  eggs 
laid  upon  corn,  as  well  as  a  large  percentage  of  those  upon  cotton. 
Numerous  insects  feed  largely  upon  bollworm  eggs  and  small  larvae; 
the  larva)  of  several  ladybirds  and  small  larvae  known  as  aphis  lions 
are  among  those  most  beneficial  in  this  respect. 
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The  larger  bolIw(»rm  larvse  are  preyed  npon  by  Sifverftl  insects, 
among  the  more  important  of  which  are  Bswenl  species  of  wasps 
and  ground  beetles.  The  value  x>t  the  oommcm  black  and  red  wasps 
which  so  frequently  buUd  nests  in  trees  and  oothooaes  near  cotton 
fields  is  unquestionable.  At  Paris,  Tex.,  during  1905,  a  nest  of  the 
former  species,  located  in  an  old  cotton  house  with  siveml  cotton 
fields  near  by,  was  carefully  observed  for  two  hours.  The  nest  OHi- 
sisted  of  about  800  cells,  with  about  280  adults  present  at  one  time. 
During  the  period  of  examination  168  wasps  entered  with  food  for 
their  larvae  and  for  other  adults.  In  118  instances  the  food  brou^t  in 
was  recognized  as  being  boUworm  larvse.  Probably  the  majority  of 
the  other  50  wasps  carried  bollworms,  but  identificatiim  was  impos- 
sible, because  the  larvse  were  so  badly  mangled. 

Several  large  robber  flies,  so  often  seen  in  cotton  fields,  and  a  few 
species  of  spiders,  have  been  known  to  capture  boUworm  moths. 
The  common  toad  also  is  beneficial,  for  in  several  instances  ihe 
writers  and  others  have  found  numerous  boUworm  larvae  in  its 
stomach. 

There  are  published  few  records  of  birds  feeding  upon  bollworms, 
yet  there  is  every  reason  to  believe  that  boUworm  larvae  and  adults 
are  destroyed  by  many  species.  Domestic  fowls  are  undoubtedly 
valuable  in  reducing  the  number  of  boUworms  on  cotton  located 
near  houses  and  barns.  Several  instances  have  come  under  the 
writers'  observation  in  which  cotton  adjacent  to  barns  where  chickens, 
turkeys,  and  guineas  were  kept  was  practically  free  from  bollworms, 
while  at  some  distance  out  in  the  fields  the  injury  was  quite  severe. 

One  of  the  most  important  checks  upon  boUworm  increase  is 
the  cannibalistic  habit  of  the  larvae  themselves^  After  the  larvae  have 
attained  considerable  size  they  are  ever  ready  to  engage  in  battle 
with  their  feUows  whenever  they  chance  to  meet.  When  two  larvae 
are  of  unequal  size  the  smaUer  is  usually  kiUed  and  devoured  by  its 
feUow,  but  if  their  size  is  about  the  samQ,  both  larvae  often  die  as  a 
result  of  injuries  inflicted  upon  each  other.  This  factor  is  of  greatest 
importance  in  com,  for  if  all  of  the  larvae  hatching  in  the  silks  of  an 
ear  should  attain  full  growth  nearly  every  ear  would  be  completely  de- 
stroyed. The  reduction  in  boUworm  numbers  in  ears  of  com,  due 
mainly  to  this  cause,  is  illustrated  by  the  following  figures:  During 
August,  1905,  10  ears  of  com  were  examined  just  after  the  silks 
began  dying,  and  198  larvae  in  all  stages  of  development  were  found. 
This  gives  an  average  of  20  larvae  per  ear,  most  of  which  were  small, 
or  about  10  times  the  number  which  would  ultimately  reach  ma- 
turity. Cannibalism  is  a  less  important  factor  among  larvae  on  cot- 
ton, as  in  that  case  the  larvae  are  more  generally  distributed  over  the 
plants  and  therefore  meet  less  frequently. 
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A  certain  bacterial  disease  is  worthy  of  note  as  an  important  natu- 
ral factor  in  bollworm  control.  As  a  rule  the  disease  develops  among 
the  larger  larvae  and  a  larger  percentage  of  larvee  usually  die  in  com 
ears  than  upon  cotton;  this  is  probably  due  to  the  fact  that  more 
moisture  is  present  in  the  corn  ears  than  in  the  small  fruit  of  cotton 
where  the  larvae  feed.  From  2  to  50  per  cent  of  larvae  taken  on  com 
and  cotton  and  kept  in  the  laboratory  have  been  found  to  die  of  this 
disease.  Examination  of  several  thousand  ears  of  corn  during  July 
showed  that  from  1  to  5  per  cent  of  the  larvae  found  4|i):ein  had  suc- 
cumbed to  this  disease. 

EECOMMENDATIOira 

The  investigations  conducted  by  the  Bureau  of  Entomology  ^during 
the  past  three  years  show  that  by  the  general  adoption  of  the  several 
means  of  control  herein  described  losses  from  the  bollworm  may  be 
largely  prevented,  even  during  years  of  severe  injury. 

The  fact  that  boUworms  do  not  become  numerous  in  cotton  until 
the  hardening  of  the  early  corn  about  August  1  is  the  basis  for  the 
recommendation  of  certain  cultural  methods  not  only  advantageous 
in  the  presence  of  the  bollworm  and  boll  weevil,  but  desirable  prac- 
tices in  cotton  growing  regardless  of  insect  enemies.  These  methods 
are  as  follows: 

(1)  Thorough  plowing  of  the  land  during  the  fall  and  winter. 
This  operation  is  not  only  the  means  of  destroying  many  bollworm 
pupae,  byt  is  of  importance  from  an  agricultural  standpoint,  in  ex- 
posing the  soil  to  the  actions  of  rain  and  frost,  thus  helping  to 
break  up  its  constituents  and  render  them  more  readily  dissolved  and 
consequently  available  for  plant  food.  Fall  plowing  is  also  a  requi- 
site for  early  planting. 

(2)  The  use  of  early  fruiting  varieties  of  cotton. 

(3)  The  use  of  fertilizers  to  hasten  and  increase  fruit  production. 

(4)  Planting  the  crop  as  early  in  the  spring  as  practicable. 

(5)  Early  and  frequent  chopping  and  cultivations. 

Along  with  the  improved  farm  practices  above  outlined,  the  cotton 
crop  may  be  materially  protected  by  the  use  of  corn  and  cowpeas  as  a 
trap  crop  (as  described  on  pages  18-19).  That  the  greatest  benefit 
may  be  derived  from  the  use  of  the  trap  crop  system  it  is  urged  that 
each  farmer  in  a  neighborhood  plant  at  least  a  few  acres  of  June  com 
and  cowpeas  about  the  1st  of  June. 

The  use  of  arsenical  poisons  upon  the  cotton  will  be  found  of  value 
in  proportion  to  the  severity  of  bollworm  attack.  Paris  green  is 
recommended  at  the  rate  of  about  3  pounds  per  acre,  applied  in  the 
dust  form,  either  pure  or  diluted  with  lime  or  flour. .   Application  by 
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either  the  bag  and  pole  method  or  by  geared  machinery  is  satisfactory. 
The  work  should  be  done  when  the  plants  are  moist  with  dew  or  after 
a  light  shower.  Two  applications,  when  not  followed  inmiediately 
by  rains,  should  be  sufficient;  the  first  should  be  made  when  the 
eggs  begin  to  hatch  in  numbers,  usually  between  July  25  and  August 
6;  this  may  be  followed  by  a  second  in  about  one  week.  If  rains 
follow  the  applications,  these  should  be  repeated  immediately. 

Destruction  of  the  early  generations  of  bollworm  larvae  in  com 
seems  impracticable,  except  in  certain  cases  of  isolated  areas  and 
where  the  acreage  of  com  is  small  as  compared  with  that  of  cotton. 
■  Owing  to  the  great  value  of  wasps  in  destroying  bollworm  larvae 
throughout  the  season  a  protest  should  be  made  against  the  common 
practice  of  destroying  their  nests.  Where  domestic  fowls  are  reared 
these  should  be  encouraged  to  feed  as  much  as  possible  in  adjoining 
cotton. 

For  practical  as  well  as  other  reasons  wild  birds  should  be  protected 
and  encouraged  in  their  visits  to  cotton  fields. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Acriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington,  /J.  (/.,  March  28,  1907. 
Sir  :  I  have  the  honor  to  transmit  herewith,  and  to  recommend  for 
publication  as  a  Farmers'  Bulletin,  the"  accompanying  manuscript, 
entitled    "  Evaporation    of    Apples,"    by    H.    P.    Gould,    Assistant 
Pomologist. 

While  the  recent  tendency  in  the  apple  industry  has  apparently 
been  to  centralize  fruit  evaporation  into  distinct  commercial  estab- 
lishments having  considerable  capacity  and  requiring  capital  to 
construct  and  equip,  there  still  remain  large  regions  in  which  there 
is  a  considerable  surplus  of  fruit  that  is  unsuitable  for  packing  and 
shipping  in  almost  every  crop  year.  In  these  sections  and  in  the 
less  accessible  commercial  fruit  regions  there  is  need  of  stimulation 
of  effort  to  utilize  the  lower  and  less  desirable  grades  of  apples  in 
such  ways  as  will  at  the  same  time  yield  a  fair  return  to  the  pro- 
ducer and  remove  them  from  competition  with  the  better  grades  in 
the  market.  Encouragement  of  evaporating,  canning,  cider  mak- 
ing, and  other  methods  of  utilization  therefore  appears  desirable, 
and  of  these  evaporating  is  the  one  that  is  most  applicable  at  present  / 
to  a  wide  range  of  conditions,  and  therefore  of  most  importance  to 
the  average  farmer. 

Respectfully,  B.  T.  Galloway, 

Chief  of  Bureau. 
lion.  »Ia\4es  Wilson, 

Secretary  of  Af/rirulture. 
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B.  P.  I.— 277. 

EVAPORATION  OF  APPLES. 


DfTEODUCTIOH. 

The  utilization  of  the  poorer  grades  of  fruit  is  frequently  an  im- 
portant matter  to  the  grower.  That  portion  of  a  crop  which  is  of 
too  low  grade  to  market  in  the  ordinary  way  can  often  be  made  to 
pay  a  large  part,  at  least,  of  the  expense  of  maintaining  the  orchard 
or  fruit  plantation  if  it  is  converted  into  some  other  form  or  han- 
dled in  some  way  other  than  that  practiced  with  the  better  grades.  In 
some  of  the  apple-growing  districts  the  evaporating  industry  has 
kept  pace  with  the  planting  of  orchards  and  has  become  an  im- 
portant factor  in  the  utilization  of  the  fruit  which  is  unfit  or  would 
prove  unprofitable  for  marketing  in  the  fresh  state.  In  some  of 
the  older  apple-growing  sections,  such  as  western  New  York,  the 
number  of  evaporators  in  use  is  very  large,  and  for  many  years  the 
industry  has  been  well  established.  Its  present  state  of  development, 
however,  has  been  a  matter  of  gradual  evolution.  During  its  course 
methods  have  changed  more  or  less,  appliances  have  been  perfected, 
and  marked  improvement  in  the  construction  of  the  evaporators 
themselves  has  been  accomplished. 

The  data  presented  in  the  following  pages  have  been  secured  in 
visiting  a  large  number  of  evaporators  where  the  methods,  appli- 
ances, conveniences,  etc.,  have  been  studied  and  the  operators  inter- 
viewed. The  information  relating  to  packing  ^nd  handling  the 
product  has  come  largely  through  the  courtesy  of  dealers  in  evapo- 
rated apples.     Acknowledgment  is  gladly  made  of  this  assistance. 

Many  evaporators  are  located  in  villages,  at  railroad  stations,  and 
at  other  central  points;  a  considerable  number,  however,  are  erected 
in  close  j)roximity  to  or  in  conjunction  with  apple  orchards,  being 
owned  and  operated  by  the  fruit  growers  themselves,  each  plant  being 
intended  only  for  "  working  up  ''  the  fruit  not  otherwise  marketed 
from  a  single  orchard.  The  evaporators  located  in  towns  or  villages 
are  usually  operated  bv  men  who  make  a  business  of  evaporating 
fruit,  and  the  apples  handled  in  them  are  bought  wherever  they  can 
be  obtained  to  best  advantage.  These  are  generally  of  much  larger 
capacity  than  the  ones  at  the  orchards,  and  the  type  of  construction 
and  the  character  and  number  of  conveniences  correspond. 
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The  average  weight  of  ripe  winter  apples  of  mixed  varieties  is 
about  50  pounds  to  the  bushel.  In  evaporating  them  about  40  pounds 
of  water  per  bushel,  or  approximately  5  gallons,  passes  off  in  the  form 
of  vapor.  The  evaporating  of  apples  may  be  said,  in  brief,  to  consist 
of  driving  off  as  rapidly  as  possible,  by  means  of  artificial  heat, 
enough  of  their  moisture  to  prevent  deterioration  through  decay  or 
other  natural  processes  which  occur  in  fresh  fruit  and  at  the  same 
time  to  maintain  a  desirable  texture  and  flavor. 

Buildings  formerly  used  for  other  purposes  are  frequently  con- 
verted into  evaporators.  An  old  dwelling  house,  a  blacksmith  shop, 
a  cheese  factory,  and  even  a  schoolhouse  and  a  church  are  examples. 
Others  are  built  substantially  of  brick  or  stone,  thus  reducing  the 
risk  from  fire,  which  is  an  important  consideration. 

A  large  quantity  of  fruit,  in  the  aggregate,  is  still  dried  by  prim- 
itive methods.  In  rural  communities,  especially  where  the  "  home 
orchard  "  represents  the  extent  of  fruit  growing,  one  often  sees  during 
the  autumn  a  flat-topped  rock,  the  roof  of  some  low,  easily  accessible 
shed,  or  other  flat  surface  on  which  have  been  spread  apples,  sliced 
or  quartered,  for  drying  in  the  sun.  In  some  sections  "  strings '"  of 
quartered  apples  hanging  by  a  doorway  to  dry,  or  behind  a  kitchen 
stove,  are  still  familiar  sights. 

While  much  of  this  sun-dried  fruit  is  intended  for  home  use,  large 
quantities  of  it  are  marketed,  and  it  is  also  exported  to  some  extent 
This  fruit  is  commonly  referred  to  as  "  dried  apples,"  in  distinction 
from  that  handled  in  evaporators,  which  is  known  as  "  evaporated 
apples.-' 

TYPES  OF  EVAP0EAT0E8.'' 

Many  types  of  evaporators  are  now  in  use,  though  in  a  general 
classification  they  may  be  grouped,  for  convenience,  under  a  few 
heads.     The  morei  important  of  these  are : 

1.  Cook-stove  evaporators. 

2.  Portable  outdoor  evaporators. 

3.  Kiln  evaporators. 

4.  Tower  evaporators. 

5.  Miscellaneous  types. 

It  is  well  to  emphasize,  at  this  point,  the  fact  that  the  descriptions 
which  follow  are  representative  of  types  only  and  that  .the  details 

"  The  first  three  tyi)es  of  evaporators  to  be  described  are  better  suited  to 
the  needs  of  the  average  fruit  grower  than  are  the  last  two  mentioned.  The 
latter  are  more  complicated  in  construction  and  would  ordinarily  be  used  only 
in  cases  where  the  extent  of  the  l)usinoss  and  the  investment  involved  require 
more  detailed  information  than  it  is  possible  to  give  In  the  scope  of  this  bulletin. 
Certain  other  types  of  evaporators  and  another  phase  of  the  evaporatiiig  in- 
dustry are  considered  in  Farmers'  Bulletin  No.  213. 
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of  construction  and  arrangement  admit  of  endless  modification.  For 
the  most  satisfactory  results,  however,  in  all  types,  thorough  ventila- 
tion is  essential  to  insure  a  good  circulation  of  heated  currents  of  air. 

COOK-STOVE  EVAFpRATOBS. 

Some  of  the  cook-stove  evaporators  are  small  box-like  structures, 
usually  made  of  sheet  iron  or  galvanized  iron,  of  such  a  size  that  they 
can  be  placed  on  top  of  an  ordinary  cook  stove.  They  are  arranged 
for  holding  a  series  of  small  trays,  on  which  the  fruit  is  placed  after 
it  has  been  prepared  for  drying.  Various  sizes  are  in  use,  from  one 
covering  only  a  portion  of  the  top  of  a  common  kitchen  stove  and 
having  a  capacity  of  only  a  bushel  or  so  a  day,  to  those  requiring  the 
entire  top  of  a  stove  on  which  to  operate  it. 

Another  style  consists  of  a  water-tight  rectangular  box  of  tin, 
upon  the  upper  surface  of  which  the  fruit  is  spread.  The  heat  is 
supplied  by  boiling  water,  with  which  the  evaporator  is  filled,  the 
temperature  being 
maintained  by  plac- 
ing one  end  of  the 
evaporator  on  top 
of  a  stove.  There 
are  various  other 
styles  of  this  type. 

POBTABIiE  OUT- 
DOOB  EVAPO- 
BATOBS. 

Portable  evapo- 
rators are  especially 
convenient  when  it 
is  desired  to  dry 
only  a  few  bushels 
of  fruit  at  any  one 
time.  The  usual 
sizes  have  a  capac- 
ity of  5  to  10  bush- 
els a  day,  •and  even 
more  in  some  cases, 
although  the  quantity  will  of  course  vary  with  the  attention  given 
to  them.  As  they  are  complete  in  themselves  and  are  not  too  heavy 
to  be  readily  moved,  they  may  be  placed  wherever  convenience  from 
time  to  time  dictates. 

Figure  1  shows  an  evaporator  of  this  type  which  is  constructed 
entirely  of  wood,  except  the  parts  in  direct  contact  with  the  heater. 
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Pig.  1.— a  small  portable  evaporator  constructed  of  wood. 
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There  is  space  for  ten  trays  for  holding  fruit,  similar  to  the  one  in 
the  illustration,  the  dimensions  of  which  are  2J  by  3  feet.  Each  tray 
holds  about  one-half  bushel  of  fruit.  Modifications  of  such  an 
equipment  to  suit  individual  needs  and  conveniences  readily  suggest 
themselves. 

There  are  several  other  styles  of  this  type  obtainable  from  manufac- 
turers which  are  made  of  sheet  iron,  usually  galvanized.  As  no  wood 
enters  into  their  construction,  danger  from  fire  is  eliminated.  One 
of  these  styles  is  provided  with  a  heat  deflector  and  so  constructed 
that  hot  currents  of  air  pass  over  the  fruit  as  well  as  up  through  it, 
the  claim  being  made  that  this  movement  of  air  induces  a  more  rapid 
drying  of  the  fruit  than  in  ordinary  methods  of  construction. 

KILN  EVAFORATOBS. 

Of  the  types  having  sufficient  capacity  for  handling -apples  from 

large  commercial 
orchards,  the  kiln 
evaporator  is  by 
far  the  most  im- 
portant. 

While  the  prin- 
ciples of  construc- 
tion of  the  differ- 
ent evaporators  of 
this  type  are  simi- 
lar in  all  cases,  the 
details  and  the  ar- 
rangement of  the 
appliances  are  end- 
lessly varied. 
The    arrange- 

ment  of  a  very  complete  evaporator,  from  a  mechanical  standpoint, 
is  shown  in  figures  2,  3,  4,  and  5.  The  general  features  of  the 
exterior  are  shown  in  figure  2.  The  building  is  two  stories  high. 
The  floor  plans  suggested  by  figures  3  and  4  are  in  a  measure  an 
adaptation  of  the  arrangement  of  this  evaporator.  The  central  por- 
tion of  the  building,  which  contains  the  floors  where  the  fruit  is 
prepared  for  drying,  is  20  by  40  feet.  The  wings  on  either  side, 
which  (contain  the  kilns  where  the  fruit  is  dried,  are  each  20  feet 
square.  At  the  front  of  the  building  shown  in  figure  2  can  be  seen 
an  elevator  by  which  the  apples  are  carried  to  the  second  floor  and 
dumped  into  a  large  bin  (fig.  4,  K),  This  elevator  is  an  endless 
sprocket  chain  provided  with  lugs  similar  to  the  one  which  can  be 
seen  at  the  right  in  figure  5.    The  bin  (fig.  4,  K)  is  directly  over  the 
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Fig.  2.— Exterior  of  a  conveniently  arranged  two-kiln  evaporator. 


the  paring  table  {€)  in  figure  3.  From  this  bin  the  apples  drop 
down  the  conveyors  (to  be  seen  in  fig.  5)  to  the  paring  table  on  the 
first  floor.  As  will  be  observed,  one  of  these  conveyors  is  provided  for 
each  paring  machine.  At  the  base  of  each  there  is  attached  a  small 
box  into  which  the  fruit  settles,  where  it  can  be  readily  reached  by 
those  who  operate  the  parers. 

As  the  apples  are  pared,  the  peelings  drop  into  a  carrier  which 
runs  under  the  table,  passing  directly  beneath  the  machines,  and 
which  takes  them  to  the  elevator  shown  in  figure  5  at  the  right,  and 
by  this  they  are  raised  to  the  second  floor,  where  they  are  put  by 
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Pio.  8.— First-floor  plan  of  the  evaporator  illustrated  in  figure  2,  showing  the  position  of  the  principal 

articles  of  equipment 

hand  into  the  bin  shown  in  figure  4,  ^V.     Here  they  remain  until  they 
are  placed  on  the  kiln  floor  to  dry. 

The  pared  apples  drop  to  the  paring  table  w^hen  they  are  forced 
off  the  machines.  They  are  then  trimmed  (an  operation  to  bo 
described  later),  dropped  into  a  carrier  which  runs  in  the  opposite 
direction  from  the  one  which  receives  the  peelings,  taken  to  the 
elevator  at  the  remote  end  of  the  paring  table,  by  which  they  are 
raised  to  the  bleacher  (figure  4,  Z)  on  the  second  floor.  They  are 
delivered  from  the  bleacher  to  the  slicer,  shown  in  figure  4,  J/,  and 
are  then  spread  on  the  kiln  floors  ((9,  (?).  It  will  thus  be  seen  that 
with  this  arrangement  the  fruit  passes  from  one  operation  to  another 
with  a  minimum  of  hand  labor. 
29912— No.  291—07  m 2 
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Other  points  in  the  arrangement  of  the  appliances  indicated  in 
figures  3  and  4  require  notice.  In  the  former,  which  shows  the  first 
floor,  D  is  the  stairway  leading  to  the  second  floor;  ^.  is  an  engine 
which  supplies  the  necessary  power  for  running  the  parers,  elevators, 
and  other  machinery;  F  is  the  room  which  receives  the  evaporated 
fruit  when  it  is  taken  from  tlie  kilns ;  G^  G  are  the  furnaces  which 
supply  the  heat  for  drying  the  fruit ;  Z?,  H  are  10-inch  pipes  leading 
from  the  furnaces  to  the  chimneys  at  /,  //  /  is  the  boiler  supplying 
steam  for  the  engine  (i?). 

In  the  diagram  of  the  second  floor  (figure  4)  the  only  points  which 
require  further  notice  are  small  doors  P,  P  in  the  walls,  which  com- 


^ 


-AJ— 


4    i>oo^ 

M    SUCER 


Fin.  4.~J9econd-floor  plan  of  the  evaporator  illustrated  in  fig.  re  2,  showing  the  p:^gitlon  of  the  prin- 
cipal articles  of  equipment. 

mimicate  with  the  curing  room  {F)  on  the  first  floor,  and  through 
which  the  fruit  is  pasj-od  when  removed  from  the  kilns. 

This  evaporator  is  located  in  Wayne  County,  N.  Y.  It  was  built 
about  1903.  It  is  a  frame  building  very  thoroughly  constructed  and 
completely  equipped.  The  approximate  cost  of  the  plant,  the  ca- 
pacity of  which  is  about  300  bushels  for  ten  hours,  with  the  kilns 
drying  continuously,  as  stated  by  one  of  the  owners,  was  as  follows: 


BuildiU},' $1,800.00     1  chopper 


2  furnacos 150.00 

5  parers 00.00 

1  20-foot  horizontal  bleach 

cr  75.00 

Isliccr.    __  37.50 


Engine,  boiler,  shafting,  pul- 
leys, belting,  etc 

InstaUlng  machinery 


$8.00 

450.00 
100.00 


Total. 


2,680.50 
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A  convenient  arrangement  for  an  evaporator  having  four  or  five 
kilns  is  shown  in  figure  6.  In  this  one  the  kilns  are  built  of  brick, 
and  the  ajjples  are  pared  in  an  adjacent  building.  Referring  to  the 
illustration,  the  portion  built  of  slats  at  the  left  is  the  compartment 
for  containing  the  apples  in  bulk.  This  bin  extends  the  entire 
length  of  the  building,  except  a  small  space  in  the  center  where  a 
5-horsepower  gasoline  engine  is  located  which  furnishes  power  for 
running  the  parers,  slicers,  and  other  machinery.  The  paring  table  " 
is  on  the  opposite  side  of  the  building,  as  will  be  noted,  from  which 
the  fruit  is  taken  by  a  carrier,  similar  to  those  already  described,  and 
elevated  to  a  platform  which  is  on  the  same  level  as  the  two  bleachers, 


VUi.  5. — iTitrrior  view 


)f  the  evaiK)rRt<)r  illustmtetl  in  figure  2,  showing  the  paring  room  and  the 
position  of  the  tabic,  parers,  and  other  convenienceH. 


which  are  to  be  seen  between  the  evaporator  and  the  paring  shed  just 
mentioned.  This  carrier  discharges  the  fruit  into  trays,  which  are 
then  placed  by  hand  in  one  of  the  bleachers;  from  this  they  are  taken 
to  the  slicer,  located  in  a  compartment  just  within  the  brick  portion  of 
the  structure  and  with  which  all  the  kilns  communicate,  thus  making 
it  convenient  to  distribute  the  fruit  after  it  has  been  sliced. 

Other  hirge  establishments  have  the  kilns  arranged  in  a  series 
situated  end   to  end.     The  fruit  is  pared  on   the  first  floor  of  an 

a  At  the  time  the  photograph  from  which  this  iUustration  was  made  was  taken 
this  evaporator  was  not  in  operation.  The  parers  were  covered  with  boxes, 
which  are  seen  where  the  machines  would  otherwise  appear. 
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adjoining  structure  centrally  located;  then  elevated  to  the  second 
floor,  which  is  on  the  same  level  as  the  kiln  floors,  where  it  is 
bleached  and  sliced.  Communication  is  had  with  the  kilns  not  adja- 
cent to  the  floor  on  which  the  fruit  is  sliced,  by  means  of  a  platform 
extending  from  this  floor  along  the  sides  of  the  kilns  and  on  the 
same  level  as  the  kiln  floors. 

Of  the  smaller  evaporators,  operated  entirely  by  hand,  of  which 
there  are  relatively  a  great  number,  a  similar  arrangement  on  a 
correspondingly  limited  scale  will  be  found  convenient.  Where 
buildings  which  were  erected  for  other  purposes  are  remodeled  for 
this  use  it  may  often  be  necessary  to  forego  some  of  the  conveniences 


Fig.  (}.— Paring  shed  and  bleachers  of  a  large  kiln  evaporator  built  of  brick. 

which   could   be   iiichuled   in  a   building  erected   primarily   for  the 
evaporation  of  fruit. 

A  conveniently  arranged  one-kiln  evaporator  is  shown  in  figure  7. 
The  plan  of  the  first  floor  is  suggested  by  figure  8.  The  space  is 
divided  into  a  furnace  room  about  14  by  16  feet  and  a  workroom, 
which  is  somewhat  smaller,  in  which  the  apples  are  pared.  An 
upright  bleacher,  which  also  serves  as  an  elevator  for  raising  the 
fruit  to  the  second  floor,  is  placed  in  this  room.  The  second  floor  is 
divided  in  a  similar  way.  The  kiln  has  the  same  dimensions  as 
the  furnace  room,  with  a  capacity  of  75  to  100  bushels  of  fruit 
(before  paring)  at  each  filling.  The  workroom  on  this  floor  con- 
tains the  slicer  and  the  upper  portion  of  the  bleacher.    The  dried 
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fruit,  as  it  is  taken  from  the  kiln,  can  also  be  held  here  temporarily 
if  desired. 

The  evaporator  shown  in  figures  7  and  8  is  constructed  entirely 
of  wood  and  was  built  in  1896  at  a  cost  of  about  $300,  including 
material  and  labor.  It  is  located  in  western  New  York.  At  the 
present  prices  of  lumber  the  cost  would  be  considerably  greater.  A 
builder  who  could  secure  the  lumber  from  his  own  timber  tract 
would  be  able  to  greatly  reduce  the  actual  cash  outlay.  According 
to  a  statement  of  the  owner  the  cost  of  equipment  was  as  follows: 

1  furnace $47 

2  parers 16 

1  slicer 15 

1  chopper 8 

Ropes  and  pulleys  for  bleacher  and  elevator 3 


Total  cost  of  equipment 89 

Such  a  building  as  the  one  described  may  readily  be  so  constructed 
that  it  w^ll  be  useful  for  many  other  purposes  during  the  course 
of  a  year  than  that 
for  which  it  is  pri- 
marily intended. 

In  constructing 
kilns  the  same  gen- 
eral principles  are 
followed,  whether 
the  evaporator  is  a 
small  one  with  only 
a  single  kiln  or  an 
extensive  establish- 
ment having  sev- 
eral of  them.  The 
most  satisf  actoi-y 
size  of  kiln,  all 
things  considered, 
is  about  20  feet  square.  This  is  a  convenient  size  to  fill,  so  far  as  the 
preparation  of  the  fruit  is  concerned ;  the  heat  can  be  well  regulated, 
made  sufficiently  intense  for  the  purpose  desired,  and  evenly  dis- 
tributed, so  that  the  fruit  will  dry  uniformly,  and  for  various  minor 
reasons  a  kiln  of  this  size  is  a  desirable  "  unit  "  in  the  construction  of 
evaporators  of  this  type. 

A  kiln  consists  essentially  of  a  floor  made  of  slats  and  placed  over  a 
furnace  room  or  over  a  system  of  steam  pipes.  The  floor  is  usually 
built  from  10  to  12  feet  above  the  floor  of  the  furnace  room.  Pro- 
vision should  be  made  for  regulating  the  heat  by  means  of  small 
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-A  one-kiln  evapurator.  with  bins  fur  appleu  adjoining  the 
paring  room. 
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openings  at  the  base  of  the  walls,  communicating  with  the  outside, 
which  can  be  opened  or  closed  as  desired.  The  inflow  of  cold  air  can 
thus  be  regulated.  Such  control  is  especially  desirable  in  windy 
weather.  While  many  evaporators  are  constructed  without  special 
provision  of  this  kind,  it  is  an  important  point  to  have  such  openings, 
particularly  if  the  walls  are  brick  or  otherwise  made  very  tight,  so 
that  there  is  but  little  circulation  of  air. 

If  the  evaporator  is  a  frame  building,  the  walls  of  the  furnace  room, 
may  well  be  plastered  or  covered  with  asbestos  paper  to  lessen  the 
danger  of  fire,  which  may  otherwise  be  great,  because  of  the  intense 
heat  generated  within  them. 

Tf  the  walls,  at  least  the  portion  below  the  kiln  floor,  are  double, 

with  an  air  space 
between  the  two 
sides,  the  insula- 
tion will  be  more 
perfect  than  if 
they  are  solid  or 
of  only  a  single 
thickness,  thus 
best  conserving  the 
heat  and  increas- 
ing the  efficiency 
of  the  plant.  The 
height  of  the  walls 
of  the  kiln  above 
the  drying  floor 
should  be  sufficient 
to  permit  an  at- 
tendant to  work  on  the  floor  conveniently  and  with  comfort. 

Some  means, for  the  escape  of  the  air  laden  with  moisture  from 
the  fruit  is  necessary.  This  may  be  provided  for  by  means  of  an 
opening  in  the  roof  similar  to  that  shown  in  figure  1,  page  7;  or  a 
cupola-like  ventilator  may  be  built,  the  sides  of  which  should  consist 
of  slats  placed  so  that  they  overlap  one  another  as  in  an  ordinary  win- 
dow blind.  Another  form  of  ventilator  is  shown  in  figure  2,  page  8. 
This  is  in  the  form  of  a  tower  about  3  feet  square  and  extending  8  or 
10  feet  above  the  roof,  which  is  sufficiently  high  to  cause  more  or  less 
draft,  and  hence  augments  the  circulation  of  hot  air  through  the  fruit. 
The  kiln  floor  is  constructed  of  strips  especially  designed  for  the 
purpose.  Such  floors  are  generally  made  of  poplar  or  basswood 
strips,  seven-eighths  of  an  inch  thick,  1  inch  wide  on  the  top  surface 
and  one-half  inch  wide  on  the  under  side.  Tn  laying  the  floor,  these 
strips  are  placed  one-eighth  to  one-fourth  inch  apart  on  the  upper 
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FlQ.  8. — First-floor  plan  of  the  evaporator  illustrated  in  figure  7,  show- 
ing the  arrangement  of  the  principal  details:  A,  doors;  B,  windows; 
C,  paring  table;  D,  bleacher;  E,  ntairs;  F,  chimney;  G,  furnace;  H, 
pipes. 
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surface.  This  makes  the  space  between  them  wider  on  the  under 
side  than  on  the  upper,  thus  allowing  the  small  particles  of  fruit 
which  work  down  between  them  to  drop  through  without  clogging 
the  intervening  spaces.  Reference  to  figure  9  will  make  plain  the 
method  of  constructing  the  floor. 

The  heating  apparatus,  parers,  slicers,  bleachers,  details  of  ar- 
rangement, etc.,  referred  to  here  are  described  under  their  respective 
headings. 

TOWEB  EVAPOBATOBS. 

At  one  time  tower  evaporators  were  extensively  used  in  some  sec- 
tions for  apples,  but  in  recent  years  this  type  has  been  largely  super- 
seded by  the  kiln  evaporator,  so  that  at  the  present  time  there  are 
comparatively  few  towers  in  use. 

As  the  name  of  this  type  implies,  a  tower  is  its  characteristic  fea- 
ture of  construction.  It  may  be  likened  to  an  immense  chimney, 
provided  with  the  necessary  appliances  for  receiving  the  fruit,  ex- 
cept that  the  heat  alone  is  allowed  to  pass  through  it,  a  separate  flue 
being  provided  for  the  smoke. 

There  is  no  more  definitely  prescribed  manner  in  which  those 
towers  are  constructed  and  ^.^^^^^^^^^^^^—^^ 
arranged  than  there  is  ^^-^-''^^^^^^^^'^1^— a 
governing  the  construction  ^\^^^^^^^^^^^^^^  I 
of  kiln  evaporators.  They  ^.—gH^^-^^^—J^^-^^^^^^^^  I 
may  consist  of  one  tower      j"^^      \^\^Jkv^\^^-P\-^     ■  I 

or     several.      If     several.                                                              I  I 

they  may  be  entirely  dis-  i  IP 
connected    from    one    an-      )  I 

other.     They  may  be  built      |  I 

side    by    side    or    back    to       I ^ 

back    Openin""  on  the  OPPO-        ^^*  ^•— S^ct^o'^  of  a  fclln  floor,  showing  the  meth(Kl  of 
.         \{  ^  1  construction. 

Site   Sides.      Ihey    may    be 

entirely  within  the  building,  extending  through  the  several  floors 
from  basement  to  roof  and  projecting  above,  or  entirely  on  the  exte- 
rior, opening  into  the  interior  after  the  manner  of  an  "  outside  chim- 
ney," common  in  some  sections  of  the  country.  They  may  be  built 
either  of  wood  or  brick.  They  are  usually  from  4  to  5  feet  square, 
inside  measure,  and  80  or  35  feet  in  height,  as  desired.  Heat  is  sup- 
plied by  a  furnace  at  the  bottom  of  the  tower. 

There  are  two  principal  methods  of  constructing  the  towers  in  re- 
gard to  receiving  and  handling  the  fruit  to  be  dried.  The  apparatus 
in  one  c^ase  consists  of  two  endless  sprocket  chains  operating  over 
wheels  properly  adjusted  at  the  top  and  bottom  of  the  tower.  Each 
sprocket  chain  is  provided  with  swinging  brackets,  corresponding 

291 


16 

with  one  another  on  each  chain,  for  holding  the  racks  on  which  the 
fruit  is  placed  for  drying.  In  one  specific  make  of  apparatus  these 
brackets  are  arranged  in  series  of  six  each,  so  that  this  number  of 
racks  can  be  put  in,  one  immediately  above  another.  A  space  of  2 
feet  or  so  intervenes  on  the  sprocket  chains  between  each  series  of 
six  brackets.  This  sprocket-wheel-and-chain  device  for  carrying  the 
fruit  in  the  tower  is  turned  by  means  of  a  crank,  which  works  on  the 
outside  of  the  tower. 

The  racks  on  which  the  fruit  is  dried  consist  of  frames  4  feet  long 
and  21^  inches  wide,  over  which  is  placed  galvanized-wire  netting 
having  a  quarter-inch  mesh.  This  size  of  rack  permits  the  apparatus 
on  which  the  racks  are  carried  in  the  tower  to  work  readily,  those 
on  one  side  passing  upward,  while  those  on  the  other  side  move  down- 
ward, without  interfering  with  one  another. 

In  this  method  the  point  of  admitting  the  fruit  to  the  tower  is 
near  the  base  on  the  first  floor.  A\Tien  the  fruit  is  dry  it  is  removed 
at  the  same  point. 

In  operating  the  tower,  the  apparatus  is  turned  every  few  minutes 
to  bring  each  rack  of  fruit  in  its  course  to  the  base  of  the  tower,  where 
the  heat  is  greatest.  In  this  way  it  is  made  to  dry  uniformly,  and 
each  rack  is  brought  repeatedly  into  view  of  the  one  in  charge ;  hence 
he  is  always  able  to  know  its  exact  condition. 

In  one  particular  evaporator  of  this  kind  there  are  three  towers, 
about  30  feet  high,  each  holding  120  racks.  The  capacity  of  a  single 
tower  is  about  100  bushels  a  day.  The  fruit  is  prepared  in  every  de- 
tail the  same  as  for  drying  in  kilns. 

In  the  other  method  the  racks  are  about  4  feet  square  and  occupy 
the  entire  cross  section  of  the  tower  instead  of  half  the  space,  as  in 
the  method  just  described.  The  racks  are  admitted  to  the  tower  at 
the  same  point  as  in  the  other  style,  but  as  each  rack  is  put  in  posi- 
tion it  is  raised  by  a  lever  attachment,  together  with  the  other  racks 
which  may  have  l:)een  already  put  in  place,  and  held  in  the  new  posi- 
tion by  dogs  or  clutches  which  work  automatically,  allowing  the 
racks  to  be  moved  upward,  but  not  permitting  them  to  move  down- 
ward. The  distance  which  the  racks  are  raised  each  time  the  lever 
is  moved  is  sufficient  to  allow  another  rack  to  be  inserted  below  them 
at  the  usual  point  of  admission.  It  will  thus  be  seen  that  the  racks 
are  gradually  raised  from  the  point  of  insertion  on  the  first  floor  to 
the  point  on  the  second  floor  where  they  are  removed.  The  racks 
do  not  come  into  the  view  of  the  operator  from  the  time  they  are 
inserted  until  they  reach  the  place  where  they  are  removed,  and  so  do 
not  come  under  the  same  scrutin}^  of  the  operator  as  in  the  other 
style.  The  arrangement  of  the  furnaces  is  the  same  in  both  methods 
of  construction. 
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MISCEIXAKEOUS  TYPES  OF  EVAPOBATOBS. 

While  the  types  of  evaporators  previously  described  admit  of  end- 
less mvidification  in  the  details  of  construction,  and  other  types  and 
styles  of  lesser  importance  are  frequently  seen,  there  is  but  one  addi- 
tional evaporator  to  which  it  seems  desirable  to  refer  in  this  con- 
nection. The  type  in  question  has  no  particular  designating  term  ap- 
plied to  it.  Several  styles  which  possess  some  features  similar  to 
this  one  have  been  called  "  cabinet  evaporators,"  «  and  this  term  is 
applicable  in  the  present  instance.  While  it  appears  to  be  largely 
of  local  reputation,  it  is  believed  to  possess  certain  points  of  merit 
worthy  of  more  extended  application  in  constructing  evaporators  of 
considerable  capacity.  The  fruit  is  dried  on  racks  similar  to  those 
used  in  tower  evaporators. 

In  the  first  one  of  this  type  to  be  erected,  so  far  as  the  writer  has 
been  able  to  learn,  and  which  is  still  in  use,  the  compartments  in 
which  the  fruit  is  dried  are  located  in  the  central  part  of  a  large 
room  in  which  the  fruit  is  sliced  and  handled  after  it  is  removed 
from  the  evaporator.  Each  compartment,  of  which  there  are  three, 
is  slightly  more  than  8  feet  square,  or  large  enough  in  cross  section 
to  receive  four  racks  (two  square)  on  the  same  plane.  The  two 
opposite  faces  or  sides  of  these  compartments  are  a  series  of  narrow 
doors,  about  0  inches  wide  and  slightly  more  than  4  feet  long,  which 
extend  horizontally.  These  doors  are  hinged  on  the  lower  side  and 
held  in  place  by  a  button  at  the  top.  The  sides  of  the  interior  are 
supplied  with  cleats  on  which  the  racks  rest.  Two  racks  placed  one 
directly  on  the  other  are  admitted  at  each  door.  In  the  particular 
case  in  question,  there  is  sufficient  space  between  the  floor  and  ceiling 
of  the  room  for  eleven  of  these  doors,  each  door  admitting,  as  stated, 
two  racks.  It  will  thus  be  seen  that  the  capacity  of  each  compart- 
ment is  88  racks. 

As  arranged  in  this  evaporator,  the  racks  are  admitted  to  the  dry- 
ing compartments  on  the  same  side  of  the  room  that  the  apples  are 
sliced,  the  ones  that  are  put  in  first  being  pushed  to  the  opposite  side 
of  the  compartment,  thus  making  room  for  the  second  set  of  racks 
in  the  course.  The  attendant  in  charge  of  the  drying  makes  his  ex- 
aminations and  removes  the  fruit  when  dry  through  the  doors  on 
the  opposite  side  of  the  compartment. 

It  will  thus  be  seen  that  the  method  of  handling  the  fruit  is 
similar  to  that  employed  in  the  case  of  the  tower  driers,  but  the  work 
is  all  done  on  a  single  floor  of  the  evaporator. 

The  heat  is  supplied  by  a  system  of  steam  pipes  which  extend  in 
horizontal  tiers  through  the  compartments  between  the  racks. 

"  S<»e  Fanners'  Bunetin  No.  213,  "  Raspberries,'*  p.  25. 
2J)in2— No.  201—07  M 3 
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EVAPORATOB  APPLIANCES,  ETC. 

During  the  development  of  the  industry,  the  machinery  and  other 
appliances  used  in  the  process  of  evaporating  apples  have  undergone 
great  changes,  until  at  the  present  time  a  high  degree  of  perfection 
has  been  attained.  Reference  to  some  of  the  more  important  articles 
for  equipping  an  evaporator  may  be  of  value  to  those  who  are 
unfamiliar  with  them.  Nearly  all  of  them  may  be  obtained  from 
manufacturers  ready  for  use,  hence  detailed  descriptions  are  unnec- 
essary in  most  cases. 

PARING  TABLES. 

Paring  tables  hardly  require  special  reference  in  the  present  con- 
nection, but  brief  descriptions  of  a  number  that  are  conveniently 
arranged  may  be  suggestive.  There  are  two  general  plans  of  con- 
struction. One  consists  of  a  single  long  table  common  to  all  the 
machines;  the  other,  individual  tables,  one  for  each  parer. 

Where  several  hand  parers  are  used  they  are  commonly  placed  on 
opposite  sides  of  .  a  relatively  wide  table,  through  the  center  of 
which,  between  the  two  rows  of  parers,  is  a  sluice  10  or  12  inches 
wide  and  as  many  inches  deep.  An  endless  belt  the  width  of  the 
sluice  covers  its  bottom.  This  belt  works  on  rollers  and  is  operated 
by  means  of  a  crank  at  the  outer  end.  As  the  apples  are  trimmed 
they  are  thrown  into  this  sluice,  and  the  helper  who  attends  to  the 
bleacher  fills  the  crates  or  trays  in  which  the  fruit  is  handled  by 
turning  the  crank  which  moves  the  belt  forward,  carrying  with  it 
the  fruit  which  has  been  placed  thereon.  By  this  means  all  the 
trimmers  contribute  to  the  filling  of  a  single  tray,  thus  making  it 
possible  to  get  all  the  fruit  into  the  bleacher  in  the  shortest  possible 
time  after  it  is  pared.  This  is  considered  essential  in  order  to  make 
the  highest  grade  product.  Such  a  table  as  this  is  especially  adapted 
to  small  evaporators  which  are  run  entirely  by  hand  power. 

Tn  power  evaporators  a  long  table  common  to  all  the  parers 
similar  to  the  one  in  figure  5,  page  11,  is  generally  used.  The  neces- 
sary carriers  for  removing  the  apples  and  the  parings  operate  beneath 
the  table.  If  individual  tables  are  used  in  such  cases,  a  small  sluice 
may  connect  each  table  with  a  carrier  which  works  just  beneath 
the  floor,  which  carrier  in  turn  delivers  to  an  elevator  that  connects 
with  the  bleacher.  By  thus  placing  below  the  floor  the  carrier  which 
takes  the  fruit  from  the  tables,  the  space  above  is  left  unobstructed, 
which  would  not  be  the  case  were  the  individual  tables  connected  with 
a  common  carrier. 

PABING  MACHINES. 

Paring  machines  are  made  for  operating  either  by  hand  or  power. 
The  more  recent  patterns  have  two,  or  even  three,  forks  for  holding 
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the  apples  while  they  are  being  pared.  The  attendant  puts  an  apple 
on  one  of  the  forks  while  one  on  another  fork  is  being  peeled. 

The  number  of  bushels  which  can  be  pared  in  a  given  time  of  course 
varies  with  the  size  and  condition  of  the  fruit,  but  70  or  75  bushels  for 
a  day  of  ten  hours  (or  even  more  if  the  fruit  is  of  good  size  and  the 
machine  is  speeded  up  to  its  limit)  is  not  an  unusual  amount  for  a 
good  pow  er  machine. 

The  hand  machines  are  equally  complete  and  satisfactory  in  their 
working.  Under  favorable  conditions  an  experienced  operator  will 
pare  60  or  more  bushels  a  day  if  the  fruit  is  not  too  small. 

BLEACHEBS. 

In  order  to  make  the  fruit  as  white  as  possible,  it  is  usually  sub- 
jected to  the  fumes  of  burning  sulphur.  The  apparatus  in  which 
the  fimies  are  applied  is  called  a  bleacher. 

The  form  and  manner  of  construction  vary  greatly,  as  do  most  of 
the  other  appliances.  The  requisites  are  a  perfectly  tight  compart- 
ment having  a  capacity  commensurate  with  the  size  of  the  evaporator 
and  the  necessary  facilities  for  burning  the  sulphur. 

Perhaps  the  simplest  form  of  construction  consists  of  a  box  suf- 
ficiently long  to  meet  the  requirements,  placed  horizontally,  and 
large  enough  in  cross  section  to  admit  the  boxes  or  crates  in  which 
the  fruit  is  handled.  Rollers  are  placed  in  the  bottom,  on  which  the 
crates  rest,  which  permit  them  to  be  moved  along  with  but  little 
friction.  The  crates  are  entered  at  one  end  of  the  bleacher,  those 
previously  put  in  being  pushed  along  to  make  room  for  the  following 
ones.  The  sulphur  is  usually  burned  immediately  below  the  point 
where  the  fruit  is  put  into  the  bleacher.  A  short  piece  of  stovepipe 
is  placed  at  the  opposite  end  for  the  escape  of  the  fumes  after  they 
have  passed  through  the  bleacher. 

Another  simple  bleacher  in  which  the  fruit  is  handled  in  bulk  (not 
in  crates)  consists  essentially  of  a  large  square  box,  the  interior  of 
which  is  fitted  with  a  series  of  inclined  planes  sloping  in  opposite 
directions  to  prevent  the  fruit  from  dropping  to  the  bottom  in  a 
compact  mass.  The  fruit  is  usually  admitted  at  the  top  directly  from 
the  paring  table.  It  then  rolls  from  one  inclined  plane  to  another 
to  the  bottom,  where  there  is  the  necessary  opening,  with  means  for 
closing  it  tightly  to  prevent  the  escape  of  the  sulphur  fumes,  for 
removing  the  fruit  when  it  is  bleached.  The  sulphiir  is  burned  be- 
neath the  lowest  inclined  plane. 

The  bleachers  shown  in  figure  6,  page  12,  are  compartments  4  or  5 
feet  square  and  5  or  6  feet  high.  The  two  bleachers,  which  can  be 
seen  in  the  illustration,  face  toward  the  platform,  which  extends  bi»- 
tween  them.     The  sides  of  the  interior  are  provided  with  series  of 
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cleats  for  supporting  the  trays  in  which  the  fruit  is  handled.  The 
distance  between  the  cleats  is  slightly  more  than  the  depth  of  the 
trays.  The  sides  toward  the  platform  consist  of  series  of  closely 
fitting  doors  about  6  inches  wide,  placed  horizontally,  through  which 
the  trays  are  entered  and  removed  from  the  bleachers.  The  trays  of 
fruit  are  put  into  the  bleachers  and  left  in  the  sulphur  fumes  a  suf- 
ficiently long  time  for  the  fruit  to  bleach.  The  sulphur  is  burned  at 
the  bottom  of  the  bleachers,  and  the  tall  shafts  which  are  to  be  seen 
projecting  fi'om  the  top  are  ventilators,  which  give  sufficient  draft  to 
take  the  fumes  up  through  the  fruit  and  to  allow  their  escape  at  a 
point  some  distance  above  the  workmen. 

While  all  of  these  types  may  do  the  work  well,  they  are  so  con- 
structed that  much  handling  and  lifting  of  the  fruit  is  necessary. 

There  is  an  upright  style  in  common  use  in  some  sections,  which 
reduces  the  lifting  of  the  fruit  by  hand  to  a  minimum  and  serves  not 
only  as  a  bleacher,  but  also  as  an  elevator.  This  is  especially  suited 
to  the  smaller,  two-story  evaporators,  operated  without  mechanical 
power,  in  which  the  slicing  is  done  on  the  second  floor  aiid  having 
the  kiln  floor  on  the  same  level.  By  this  means  the  fruit  is  raised 
from  the  first  or  paring-room  floor  to  the  level  of  the  kiln  floor  while 
it  is  l>eing  bleached. 

The  construction  is  comparatively  simple.  It  consists  of  an  upright 
box  extending  from  the  first  floor  to  3  or  4  feet  or  any  convenient 
height  above  the  second.  The  cross  dimensions  are  such  as  to  admit 
the  crates  or  trays  in  which  the  fruit  is  handled.  The  crates  are 
admitted  to  the  bleacher  at  a  convenient  height,  18  inches  or  2  feet 
from  the  bottom,  through  a  trapdoor  or  some  other  arrangement 
which  can  be  tightly  closed  to  prevent  the  escape  of  the  sulphur 
fumes. 

A  movable  frame,  slightly  smaller  than  the  cross  dimensions  of 
the  bleacher,  rests  on  a  solid  support  just  below  the  point  where  the 
crates  are  entered  and  on  which  the  crates  are  placed  when  pushed 
inside.  This  frame  is  connected  with  a  lever  at  the  top  of  the 
bleacher  by  means  of  iron  rods  which  are  attached  to  a  cross  arm  on 
the  lever  and  extend  down  the  sides  of  the  bleacher  to  the  frame. 
I'he  relative  length  of  the  long  and  short  arms  of  the  lever  must  be 
such  that  in  the  sweep  of  the  long  arm  the  frame  on  which  the  crates 
rest  will  be  raised  a  distance  slightly  greater  than  the  depth  of  the 
crates  in  which  the  fruit  is  handled.  There  are  dogs,  or  catches,  on 
the  inside  of  the  bleacher,  which  work  automatically  and  permit  the 
crates  to  be  moved  upward,  but  not  downward.  When  a  crate  is  put 
in  place,  the  lever  is  pulled  down,  usually  by  means  of  a  rope  which 
passes  through  the  second  floor  within  convenient  reach  of  the  helper 
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who  handles  the  crates.  The  crate  which  was  last  put  into  the 
bleacher  and  all  that  may  have  been  put  in  previously  are  raised  to 
the  point  where  they  are  caught  by  the  clutches  just  mentioned  and 
so  held  in  that  position.  On  releasing  the  lever,  it  regains  its  former 
position  and  the  frame  drops  to  its  place  just  below  the  level  of  the 
doorway  through  which  the  crates  are  admitted  and  is  then  ready 
for  receiving  another  crate.  A  small-sized  stovepipe  or  other  tubing 
should  extend  from  the  top  of  the  bleacher  to  the  exterior  of  the 
building  to  permit  the  escape  of  the  sulphur  fumes  after  they  have 
passed  through  the  fruit. 

The  crates  are  removed  through  a  tightly  closing  door  in  the 
bleacher  on  the  second  floor,  where  the  apples  are  sliced  and  spread 
on  the  kiln  floor. 

The  sulphur  is  burned  at  the  bottom  of  the  bleacher,  below  the 
point  where  the  fruit  is  admitted.     It  is  a  safe  provision  to  have 

this  portion  of 
the  bleacher 
coated  with  ce- 
ment or  lined 
with  asbestos, 
especially  the 
floor,  to  lessen 
the  danger  of 
fire. 
Perhaps    the 

most  satisfactory  bleacher  for  evaporators  in  which  an  engine  is 
installed  is  the  "  power ''  or  "  horizontal  "  type  shown  in  figure  10. 
Its  characteristic  feature  is  the  movable  bottom,  or  rather  false  bot- 
tom, on  which  the  fruit  is  carried  through  the  bleacher. 

Briefly  stated,  this  bleacher  consists  of  a  tight  box  about  3  feet 
square  and  20  or  more  feet  long,  the  length  being  regulated  by  the 
capacity  of  the  evaporator  in  connection  with  which  it  is  operated 
and  the  time  it  is  desired  to  bleach  the  fruit. 

The  apples  are  conveyed  from  the  paring  room  to  the  bleacher  by 
a  carrier,  or  elevator,  similar  to  those  already  referred  to,  and  are 
dropped  into  one  end  of  the  bleacher,  falling  on  the  movable  bottom, 
which  consists  of  an  endless  belt  of  "  lugs,''  turned  by  the  proi)er 
gear  attachment.  The  speed  of  movement  is  governed  by  the  gear- 
ing, and  is  adjusted  to  correspond  with  the  time  it  is  desired  to  keep 
the  fruit  in  the  bleacher  and  the  length  of  the  latter.  When  the 
fruit  has  been  carried  through  the  bleacher,  it  passes  to  the  slicer, 
which  is  located  in  close  proximity  to  the  bleacher.  The  end  of  the 
bleacher  shown  in  the  illustration  is  closed  when  in  actual  operation 
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by  means  of  a  closely  fitted  piece  of  canvas  or  other  effective  arrange- 
ment. Provision  for  the  escape  of  the  fumes  may  be  supplied  as 
suggested  in  connection  with  the  upright  type  previously  described. 

STTLPHUB  STOVES. 

In  a  large  proportion  of  instances  nothing  more  elaborate  than  a 
broken  or  otherwise  discarded  iron  kettle  or  some  similar  receptacle 
is  used  for  containing  the  burning  sulphur.  This  is  the  case  if  the 
compartment  in  which  the  sulphur  is  burned  is  a  portion  of,  or  in 
direct  communication  with  the  bleacher.  In  other  instances,  such  as 
the  power  bleacher  just  described,  where  in  some  cases  it  is  more 
convenient  to  burn  sulphur  at  some  distance  from  the  bleacher,  a 
small  sheet-iron  stove  about  a  foot  square  and  12  or  15  inches  high  is 
used.  This  is  connected  with  the  bleacher  by  means  of  a  small 
stovepipe. 

SLICING  MACHINES. 

There  are  several  styles  of  slicers  now  obtainable  which  are  operated 
by  hand,  foot,  or  mechanical  power.  In  general,  they  consist  of  a 
table  in  which  a  series  of  knives  is  so  arranged  that  when  the  apples 
are  carried  over  them  by  a  revolving  arm  they  are  cut  into  slices. 
In  at  least  one  type  the  apples  are  delivered  to  the  slicing  table  by 
an  attachment  which  works  automatically. 

The  capacity  of  slicers  varies  somewhat,  as  does  the  industry  of 
the  men  who  operate  them,  but  from  200  to  400  bushels  for  a  day  of 
ten  hours  may  he  expected  of  a  good  machine. 

Small  hand  slicers  which  slice  only  a  single  apple  at  a  time  are 
sometimes  used  in  the  smaller  evaporators. 

Quartering  machines  are  used  instead  of  slicers,  if  it  is  desired  to 
dry  the  fruit  in  quarters  instead  of  slices. 

CBATES  AND  TBAYS. 

Crates  and  trays  are  essential  accessories.  A  relatively  large 
supply  facilitates  the  handling  of  the  fruit  both  before  and  after 
it  is  pared,  especially  where  there  are  no  elevators  or  carriers  to 
convey  the  fruit  from  one  point  in  the  evaporator  to  another.  They 
are  usually  made  to  hold  about  a  bushel.  The  bottoms  of  those  in 
which  apples  are  bleached  should  be  made  of  narrow  slats,  and  pref- 
erably also  the  sides,  to  permit  a  free  circulation  of  the  sulphur 
fumes  through  the  fruit. 

BACKS. 

In  the  construction  of  all  racks  on  which  fruit  is  dried,  whether 
for  use  in  a  large  tower  evaporator  or  in  a  small  cook-stove  type,  a 
special  caution  should  be  observed  to  select  only  the  best  grades  of 
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galvanized- wire  netting  for  making  the  racks.  If  poorer  grades  are 
used  the  acids  of  the  fruit  are  likely  to  act  on  the  metals,  producing 
undesirable  results. 

HEATING  APPABATTJS. 

Satisfactory  results  are  so  dependent  upon  the  heating  apparatus 
that  this  becomes  one  of  the  most  important  features  of  an  evaporator. 

In  the  smaller  types  of  evaporators,  where  comparatively  little  is 
involved  and  the  question  of  fuel  does  not  enter  seriously  into  con- 
sideration, almost  any  small  stove  commensurate  with  the  size  of 
the  particular  evaporator  in  question  ma}'  be  used. 

In  the  larger  kiln  evaporators  the  matter  is  a  more  important  one. 
Formerly,  ordinary  cast-iron  stoves  were  used  considerably,  two  or 
more  of  them  frequently  being  required  to  heat  a  single  kiln,  but 
these  have  largely  gone  out  of  use.  In  their  stead  large  furnaces  are 
now  most  commonly  used.  These  are  specially  designed  for  the 
purpose  and  are  provided  with  relatively  large  fire  pots,  correspond- 
ingly large  ash  pits,  and  large  radiating  surfaces.  As  it  is  necessary 
to  burn  a  rehitively  large  quantity  of  fuel  in  a  given  time,  the  size  of 
the  grate  is  made  with  this  end  in  view.  For  a  kiln  floor  20  feet 
square,  or  400  square  feet  of  surface,  the  grate  surface  is  usually 
about  3  feet  in  diameter,  containing  from  5  to  7  square  feet. 

As  to  the  most  satisfactory  length  of  pipe  connecting  the  furnace 
and  chimney,  opinions  differ.  Perhaps  the  most  common  method  of 
piping  is  the  one  indicated  by  figure  3,  ZT,  //,  page  9.  The  furnace, 
with  two  flanges  for  attaching  the  pipe,  is  placed  in  the  center;  the 
pipe  from  each  flange  is  then  extended  to  the  side  of  the  room  oppo- 
site the  chimney,  and  from  this  point  the  two  sections,  extending  in 
opposite  directions,  follow  the  wall,  at  a  distance  of  2  or  3  feet  from  it, 
to  the  chimney.  In  a  kiln  20  feet  square,  some  65  or  70  feet  are  thus 
required.  Ten-inch  pipe  is  a  common  size  to  use  for  this  purpose. 
It  is  placed  about  3  feet  below  the  kiln  floor. 

Some  operators  think  that  a  better  distribution  of  heat  is  obtained 
if  the  pipes  extend  back  and  forth,  2  or  3  feet  apart,  under  the  entire 
floor  of  the  kiln,  thus  requiring  200  feet  or  more  instead  of  the 
shorter  length  above  suggested.  The  greater  length,  however,  is  less 
frequently  used  than  the  smaller. 

In  some  cases  the  heat  is  so  intense  directly  over  the  furnace  that 
the  fruit  dries  more  rapidly  in  the  center  of  the  floor  than  about  the 
sides.  To  regulate  this  and  make  the  drying  as  uniform  as  possible, 
a  ''  deflector,"  consisting  of  a  piece  of  sheet  iron  or  tin  several  feet 
square,  is  attached  to  the  floor  directly  above  the  furnace. 

Open  grates,  which  in  effect  are  furnaces  with  all  parts  above  the 
grates  removed,  are  used  occasionally  and  are  recommended  by  some 
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because  they  require  less  fuel,  less  attentiQii  to  firing,  and  will  dry 
the  fruit  in  a  shorter  space  of  time.  On  the  other  hand,  so  much  dust 
rises  from  them  that  they  are  not  used  in  making  the  best  grades  of 
fruit. 

Tower  evaporators  may  be  heated  by  the  same  style  of  furnaces 
that  are  used  in  kiln  driers.  The  size  of  furnace  sufficient  to  evapor- 
ate a  given  quantity  of  fruit  in  a  given  time  is  probably  about  the 
same  in  either  type  of  evaporator. 

In  some  respects  a  steam  system  is  the  most  satisfactory  method 
of  heating,  but  it  is  comparatively  little  used,  possibly  due  to  the 
larger  first  cost  of  installing  such  a  system.  It  is  especially  applicable 
in  case  of  evaporators  that  are  operated  in  connection  with  some  other 
business  that  requires  the  use  of  considerable  steam  power,  such  as  a 
large  cider  mill  which  requires  the  power  for  running  the  presses. 

In  kiln  evaporators  the  steam  pipes  are  generally  placed  in  as  close 
proximity  to  the  floor  of  the  drying  room  as  is  convenient — within  a 
foot  or  even  closer.  That  every  steam  pipe  nearest  the  floor  may 
supply  the  greatest  amount  of  heat  it  should  have  its  own  return  to 
the  main  return  of  the  system. 

One-inch  pipe  is  generally  used  for  such  systems.  No  very  definite 
data  are  available  in  regard  to  the  amount  necessary  to  supply  the 
requisite  heat.  Several  kilns,  however,  which  are  said  to  work 
admirably,  have  about  650  running  feet  of  pipe  for  every  100  square 
feet  of  floor  space.  One-half  of  this  is  "  riser,"  the  other  half 
"  return.'' 

In  the  type  of  evaporator  described  on  page  17,  the  length  of  1-inch 
steam  pipe  required  per  square  foot  of  surface  directly  exposed  to 
the  pipes  is  considerably  less  than  in  the  case  of  the  kiln  just  de- 
scribed, although  it  is  probable  that  in  the  system  in  question  a  greater 
degree  of  heat  can  be  maintained  than  with  the  usual  piping  for  a 
kiln.  As  previously  mentioned,  in  this  system  the  pipes  are  arranged 
in  horizontal  tiers,  the  racks  on  which  the  fnut  is  placed  being  in- 
serted between  them.  Hence,  the  upper  racks  receive  more  or  less 
heat  from  the  lower  tiers,  as  well  as  from  those  to  which  they  are  di- 
rectly exposed.  In  one  evaporator  of  this  type,  which  gives  excellent 
satisfaction,  and  in  which  the  drying  compartments  are  about  9  feet 
square — that  is,  large  enough  to  hold  four  4-foot  racks  (two  square) 
in  the  same  plane — there  are  thirty-two  1-inch  pipes  in  each  tier. 
Each  pipe  is  about  8^  feet  in  length,  or  approximately  270  feet  in 
each  tier.  In  the  evaiK)rator  referred  to  there  are  8  tiers  in  each  com- 
partment. Eight  racks — two  deep — are  placed  between  each  tier  of 
pipes. 

In  another  evaporator  of  this  type,  having  a  capacity  of  400 
bushels  every  twenty-four  hours,  a  40-horsepower  boiler,  with  about 
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15  square  feet  of  grate  surface,  furnishes  the  necessary  steam  when 
run  at  a  pressure  of  40  to  50  pounds.  This  is  sufficient  for  drying  the 
fruit  and  for  running  the  parers,  slicers,  elevators,  etc.,  required  to 
handle  this  quantity  of  fruit.  The  steam  pressure  at  which  such  sys- 
tems are  run  varies  considerably  according  to  the  individual  require- 
ments of  the  systems.  A  range  of  from  40  to  90  pounds  has  been 
noted  in  different  evaporators. 

FUEL. 

Where  the  owner  of  an  evaporator  has  an  abundant  supply  of  wood 
and  it  can  be  cut  at  times  of  leisure,  this  is  probably  the  least  ex- 
pensive fuel  in  actual  cash  outlay  that  can  be  had  in  most  of  the 
apple-growing  sections.  In  fact,  under  these  conditions,  it  is  com- 
monly estimated  that  the  fuel  costs  nothing.  But  in  a  great  number 
of  cases  fuel  has  to  be  bought,  even  by  operators  who  are  drying 
apples  from  their  own  orchards. 

For  kiln  evaporators  using  the  common  type  of  furnaces,  hard  coal 
is  probably  the  most  satisfactory  fuel,  and  requires  less  attention 
than  any  other.  Coke  is  sometimes  used,  and  if  it  were  as  satisfactory 
as  coal,  other  things  being  equal,  it  would  be  the  cheaper  fuel.  But 
it  requires  much  attention,  and  even  with  the  best  of  care  it  is  difficult 
to  maintain  a  uniform  degree  of  heat.  A  combination  of  coal  and 
coke  is  sometimes  used  with  satisfactory  results,  in  which  case  the 
faults  and  advantages  of  one  tend,  in  a  measure,  to  equalize  those  of 
the  other. 

In  a  steam-heated  plant  soft  coal  serves  the  purpose  in  a  satis- 
iactory  way,  and  in  most  apple-growing  sections  is  probably  cheaper 
than  any  other  fuel  that  is  readily  available. 

Quantity  of  fuel  required. — While  the  amount  of  fuel  necessary  to 
dry  a  given  quantity  of  fruit  will  vary  more  or  less,  depending  upon 
the  conditions  of  the  weather,  the  efficiency  of  the  furnace,  the  con- 
struction of  the  kiln,  the  percentage  of  moisture  to  be  left  in  the  fruit, 
and  various  other  things,  it  is  roughly  estimated  that  a  ton  of  hard 
coal,  for  a  kiln  evaporator,  will  make  a  ton  of  dried  fruit.  Probably 
the  average  requirement  is  rather  more  than  this.  It  is  claimed  that 
a  tower  evaporator  requires  slightly  less  for  the  same  results.  Open 
grates  also  considerably  reduce  the  amount  of  fuel  necessary  for  a 
given  quantity  of  fruit,  but  on  account  of  their  objectional  features 
they  can  not  be  used  for  the  better  grades  of  apples.  Coke  is  rather 
more  efficient,  2,000  to  2,700  pounds  of  apples  being  evaporated,  it  is 
claimed,  by  a  ton  of  fuel. 

A  good  steam  system  should  require  considerably  less  than  a  ton  of 
soft  coal  to  a  ton  of  dried  fruit,  one  estimate  being  about  one-half 
this  amount. 
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These  estimates  are  for  evaporating  sliced  fruit.  If  the  apples  are 
quartered  or  dried  whole,  being  merely  pared  and  cored,  considerably 
more  fuel  is  required.  From  25  to  50  per  cent  more  fuel  should 
probably  be  estimated  for  in  such  cases. 

APPLES  STTITABLE  FOE  EVAPOEATION. 

There  is  an  increasing  demand  for  dried  apples  of  the  highest 
quality.  The  tendency  has  sometimes  been  to  make  quantity  at  the 
expense  of  quality.  But  prices  are  governed  not  only  by  the  supply 
but  also  by  the  grade.  The  cleanest,  whitest  fruit,  that  is  well  cored, 
trimmed,  bleached,  ringed,  and  dried,  is  most  in  demand.  Carelessness 
in  any  particular  injures  the  product. 

Primarily  the  economic  usefulness  of  an  apple  evaporator  is 
through  its  utilization  of  windfalls  and  the  poorer  grades  of  fruit 
which  can  not  be  marketed  to  good  advantage  in  a  fresh  state,  and 
it  is  these  grades  that  are  most  often  evaporated.  But  the  magnitude 
of  the  crop  also  influences  the  grade  of  the  evaporated  product  in  a 
decided  way.  In  seasons  of  abundant  crops  and  low  prices  for  fresh 
fruit  large  quantities  of  apples  that  would  ordinarily  be  barreled  are 
evaporated  and  the  grade  of  stock  produced  is  correspondingly  im- 
proved. On  the  other  hand,  in  years  of  scanty  crops,  when  all 
apples  that  can  possibly  be  shipped  are  in  demand  at  high  prices, 
only  the  very  poorest  fruit  is  evaporated,  as  a  rule,  thus  lowering 
the  grade  of  the  output. 

The  commercial  grading  of  evaporated  apples  is  based  primarily 
on  ap})earance  rather  than  on  dessert  quality,  and  the  fact  that  one 
variety  may  make  a  better  flavored  product  than  another  is  not 
considered.  As  a  rule,  a  product  of  high  commercial  grade  can  be 
made  from  any  sort  which  has  a  Arm  texture  and  bleaches  to  a 
satisfactory  degree  of  whiteness.  A  variety  of  high  dessert  quality, 
such  as  the  Northern  Spy,  may  be  expected  to  make  an  evaporated 
product  of  correspondingly  high  flavor. 

In  sections  where  the  Baldwin  apple  is  grown  extensively  it  is  in 
demand  at  the  comniercial  evaporators,  as  it  meets  the  requirements 
in  a  fair  degree  and  it  is  also  available  in  relatively  large  quantities. 
In  the  Ben  Davis  sections  that  variety  supplies  a  similar  demand. 

Most  early  varieties  lack  sufficient  firmness  of  texture  for  the  best 
results  and  are  undesirable  on  this  account.  On  the  other  hand, 
some  comparatively  early  sorts,  such  as  Gravenstein  and  Yellow 
Summer  Pearniain,  are  considerably  prized  in  some  sections;  the 
dessert  quality  of  the  latter  is  especially  high. 

Similarly  the  product  made  from  other  sorts  possesses  qualities  that 
are  due  more  or  less  to  varietal  characteristics.     For  instance,  that 
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from  Esopus  is  said  to  be  unusually  white;  Hubbardston  and  varie- 
ties of  the  Russet  group  also  make  very  white  stock.  The  latter 
make  relatively  a  large  amount  of  stock,  by  weight,  to  a  given  quan- 
tity of  fresh  fruit.  Limbertwig  is  said  to  produce  from  1^  to  2 
pounds  a  bushel  more  of  dried  stopk  than  most  sorts  do,  but  it  is  not 
as  white  as  that  from  some  other  varieties. 

PEEPAEINO  THE  FETTIT  FOR  BRYINO. 
PABING. 

No  special  comments  are  necessary  under  the  head  of  paring,  save 
to  ijiention  this  step  in  the  order  in  which  it  occurs  in  the  preparation 
of  the  apples  for  drying.  The  apples  are  cored  in  the  same  opera- 
tion by  an  attachment  applied  to  the  paring  machine  for  this  pur- 
pose. The  fruit  is  automatically  forced  from  the  fork  and  drops  to 
the  table,  where  it  is  next  taken  in  hand  by  the  trinmiers.  In  the 
smaller  evaporators  the  slicing  is  often  done  at  the  time  of  paring 
by  a  slicing  attachment  applied  to  the  parers. 

In  nearly  all  the  evaporators  the  paring  and  trinmiing  are  done  by 
women  and  girls. 

TBIMMINO. 

In  paring  the  fruit  there  is  usually  more  or  less  skin  left  around  the 
stem  and  calyx  of  the  apples  and  any  irregular  places  that  may  occur. 
There  will  be  wormholes,  decayed  spots,  and  other  blemishes  which 
will  detract  from  the  appearance  of  the  product,  if  allowed  to  remain. 
Even  bruises  are  objected  to  by  the  most  exacting  operators.  Hence 
all  such  defects  are  cut  out  as  soon  as  the  fruit  is  pared  if  the  highest 
grade  of  product  is  expected.  Tliis  is  done  with  an  ordinary  straight- 
back,  sharp-pointed  knife,  having  a  blade  2^  or  3  inches  long. 

BLEACHING. 

The  fumes  of  burning  sulphur  are  employed  not  only  to  make  the 
fruit  white  where  the  freshly  cut  surfaces  have  become  discolored 
by  contact  with  the  air,  but  to  prevent  further  discoloration  after  it 
is  sliced.  Sulphuring  is  also  generally  supposed  to  be  necessary 
to  destroy  fungi  and  insects,  though  under  present  methods  of  han- 
dling this  is  open  to  question. 

There  are  no  definite  standards  governing  the  bleaching  as  to  the 
time  required,  amount  of  sulphur  necessary  to  accomplish  the  de- 
sired end,  etc.  The  aim  is  to  treat  until  enough  of  the  fumes  have 
been  absorbed  by  the  apples  to  prevent  discoloration  after  they  are 
sliced  and  exposed  to  the  air.  If  it  is  found  that  the  fruit  is  not 
retaining  its  clean,  white  appearance  with  the  treatment  that  is  being 
given,  either  tlie  length  of  time  that  the  fruit  is  kept  in  the  bleacher 
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is  increased  or  more  sulphur  is  burned  in  the  customary  time  for 
bleaching.  Due  caution  should  be  exercised,  however,  in  this  con- 
nection, inasmuch  as  the  bleaching  of  desiccated  fruits  with  sulphur 
fumes  is  open  to  criticism.  The  sale  of  fruit  containing  sulphurous 
acid  in  any  considerable  quantity  is  prohibited  by  the  pure-food 
laws  of  some  States,  as  well  as  being  restricted  in  some  of  the  foreign 
markets.  The  Federal  pure- food  law  will  also  make  definite  restric- 
tions.    (See  p.  33.) 

In  many  cases  the  bleaching  process  is  doubtless  continued  much 
longer  than  is  necessary  for  the  desired  results.  Until  some  definite 
standards  are  established  and  recognized,  the  greatest  care  should  be 
exercised  not  to  bleach  more  than  the  minimum  required  to  maintain 
the  desired  color  a  reasonable  length  of  time. 

The  allotted  time  for  bleaching  in  a  large  number  of  evaporators, 
from  which  information  has  been  secured,  varies  from  twenty  minutes 
to  one  and  one-half  hours.  The  more  usual  time  appears  to  be  about 
forty-five  minutes.  This,  however,  may  be  regulated  in  a  measure  by 
the  aniount  of  sulphur  burned  in  a  given  time. 

The  estimates  regarding  the  amount  of  sulphur  used  to  bleach  a  ton 
of  fruit  vary  from  -i  or  5  pounds  to  20  pounds,  though  but  little  infor- 
mation of  a  definite  character  is  to  be  obtained  at  present. 

The  usual  practice  is  to  start  the  sulphur  fumes  by  putting  a  few 
live  coals  into  the  receptacle  used  for  the  purpose,  then  adding  a  small 
piece  or  two  of  stick  brimstone.  Before  this  has  all  been  vaporized, 
more  is  added.  This  is  continued  as  long  as  the  bleacher  is  in  opera- 
tion, sufficient  heat  Ixung  generated  to  vaporize  the  sulphur  without 
the  further  addition  of  burning  coals. 

When  apples  are  dried  whole,  without  slicing  or  quartering,  they 
require  less  bleaching  than  if  thej'  are  to  be  sliced,  inasmuch  as  the 
interior  of  the  fruit  does  not  come  in  contact  with  the  air. 

For  the  most  satisfactory  results  it  is  essential  that  the  fruit  be  put 
into  the  bleacher  in  the  shortest  possible  time  after  the  surface  is 
exposed  to  the  air  by  paring.  If  a  long  delay  occurs  the  surface 
becomes  discolored,  in  which  case  it  does  not  regain  its  original  white- 
ness in  the  bleaching  process. 

SLICING,   QUABTEBINO,  ETC. 

After  bleaching,  the  next  step  in  preparing  the  fruit  is  slicing, 
unless  instead  of  slicing  it  is  quartered  or  dried  whole,  as  is  done  to 
a  limited  extent.  In  preparing  fruit  for  some  of  the  smaller  evapora- 
tors, as  previously  mentioned,  the  slicing  is  done  when  the  fruit  is 
pared ;   the  bleaching  then  follows  the  slicing  instead  of  preceding  it. 

The  slices  are  one-fourth  inch  in  thickness,  and  in  the  largest 
degree  possible  should  be  cut  at  right  angles  to  the  hole  made  through 
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the  axis  of  the  apple  when  the  core  is  removed  by  the  parer,  thus 
producing  the  "rings,"  which  is  the  form  most  desired.  Other  things 
being  equal  that  fruit  is  sliced  the  best  which  contains  the  largest 
proportion  of  "  rings,"  and  this  point  is  given  more  or  less  weight  in 
grading  the  finished  product. 

AVhen  it  is  desired  to  evaporate  apples  in  quarters  or  sixths  they  are 
run  through  machines  which  cut  them*accordingly,  the  cutting  being 
done  in  the  opposite  direction  from  the  slicing;  that  is,  in  a  direc- 
tion parallel  to  instead  of  at  right  angles  to  the  axis  of  the  apple. 

If  they  are  to  be  dried  whole,  they  are  transferred  from  the 
bleacher  directly  to  the  drying  compartment  without  further  treat- 
ment. 

DRYING   THE   FRTTIT. 

When  the  fruit  has  been  placed  in  the  drying  compartment  of  an 
evaporator,  of  whatever  type  it  may  be,  it  has  reached  the  most 
critical  stage  in  the  whole  process  of  evaporation,  and  it  is  here  that 
the  greatest  care  and  skill  are  required  to  insure  the  best  possible 
results. 

CAFACITT  OF  FLOOR  SPACE  AND  BACKS. 

In  the  case  of  kihi  evaporators,  the  sliced  fruit  is  evenly  spread 
on  the  floor  to  the  depth  of  from  4  to  6  inches.  A  kiln  20  feet  square 
will  hold  the  slices  of  from  120  to  150  bushels  of  fresh  fruit,  depend- 
ing upon  the  amount  of  waste  in  the  apples  igid  the  exact  depth  to 
which  they  are  spread  on  the  floor. 

If  the  fruit  is  in  quarters  or  is  dried  whole,  it  may  be  somewhat 
thicker  on  the  floor,  since  in  these  forms  it  does  not  pack  down  as 
closely  as  the  slices  do  and  hence  does  not  impede  the  circulation  of 
hot  air  through  it  if  the  depth  is  somewhat  increased. 

In  tower  evaporators  and  other  types  where  the  fruit  is  handled 
on  racks  the  slices  are  seldom  placed  much  more  than  1  inch  in  depth. 
A  rack  4  feet  s(]uare  will  hold  from  three-fourths  of  a  bushel  to  a 
bushel. 

The  fruit  is  generally  put  on  the  floor  of  the  kiln  as  fast  as  it  is 
sliced,  and  the  fire  is  started  in  the  furnace  below  as  soon  as  the  floor 
is  filled,  or,  in  many  cases,  before  it  is  entirely  covered. 

OILING  THE  FLOOBS  AND  BACKS. 

It  is  a  common  practice  to  treat  the  floor  of  kilns  occasionally  with 
tallow  to  prevent  the  fruit  from  sticking  to  it.  This  is  done  every 
few  days,  or  as  often  as  conditions  appear  to  make  it  advisable. 
Sometimes  a  mixture  of  equal  parts  of  tallow  and  boiled  linseed  oil 
is  used  for  this  purpose. 

Another  i)ractice,  with  the  same  end  in  view,  is  to  thoroughly  scrub 
the  floors  as  often  as  is  necessary  with  water,  using  with  it  some  one 
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of  the  scouring  soaps.    This  is  preferred  by  some  operators,  who  claim 
that  oil  or  tallow  discolors"  the  fruit. 

At  each  filling  of  the  racks,  where  these  are  used,  the^  surface  of  the 
wire  netting  is  lightly  wiped  over  with  a  cloth  moistened  in  lard. 
This  prevents  the  fruit  from  sticking  to  the  netting  and  keeps  it  clean. 

TEMFEBA^UBE  MAINTAINED. 

The  temperature  maintained  in  kilns  •r  other  drying  compart- 
ments, in  actual  practice  is  largely  a  matter  of  experience,  not  a  factor 
governed  by  any  definite  standards  or  regulated  in  accordance  with 
thermometer  readings,  as  might  be  expected.  In  general,  the  object 
in  view  is  to  force  the  heat  as  high  as  possible  without  endangering 
the  fruit.  A  probable  temperature  which  has  been  suggested  by  some 
of  the  operators  is  150°  F.,  or  more  when  the  fruit  is  first  put  into  the 
drying  compartment,  dropping  to  about  125°  F.  as  the  drying  process 
nears  completion.  Sufficient  and  proper  provision  for  controlling 
the  indraft  of  cold  air  below  the  fruit  will  aid  in  maintaining  the 
desired  temperature. 

TURNING  THE  PBUIT. 

In  order  to  prevent  the  fruit  from  burning  and  from  sticking  to 
the  floor  by  remaining  in  contact  with  it  too  long,  and  to  insure  the 
most  uniform  drying  that  is  possible,  the  fruit,  in  the  case  of  the  kiln 
driers,  is  turned  occasionally.  The  interval  between  turnings  varies 
with  different  operators,  with  the  condition  of  the  fruit,  and  with  the 
degree  of  heat  which  is  maintained.  Some  operators  do  not  turn  the 
fruit  until  5  hours  have  elapsed  after  the  furnace  has  been  started, 
while  a  more  common  practice  is  to  make  the  first  turning  within 
two  to  three  hours  after  the  drying  is  begun,  or  even  sooner.  For  the 
first  five  or  six  hours  it  is  generally  turned  every  two  hours  or  so,  and 
more  frequently  as  the  fruit  becomes  drier,  until  perhaps  it  may 
require  turning  every  half  hour  when  nearly  dry. 

Tlie  objects  to  be  obtained  by  turning  must  be  kept  in  mind  and 
the  fruit  handled  accordingly.  It  should  be  examined  from  time  to 
time  and  turned  often  enough  to  prevent  scorching  or  sticking  and 
to  insure  uniform  drying. 

In  the  case  of  the  tower  evaporators  and  other  types  in  which  the 
fruit  is  handled  on  racks,  no  turning  more  than  an  occasional  stirring 
of  the  fruit  with  the  hand  or  with  a  small  wooden  paddle  is  required. 
Sometimes  the  relative  positions  of  the  racks  are  changed  to  make  the 
drying  more  uniform.  This  is  one  reason  why  the  tower-dried  fruit 
is  generally  of  rather  better  quality  than  that  from  kilns.  .  The  re- 
peated turning  on  the  kiln  floor  is  likely  to  make  the  fruit  more  or 
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less  "  mussy,"  while  in  that  which  remains  practically  undisturbed  on 
the  racks  the  rings  are  maintained  in  better  condition.  The  fruit 
also  dries  more  quickly,  and  is  often  of  better  color  than  the  kiln- 
evaporated  product,  and  hence  is  more  attractive  in  appearance. 

The  same  general  principles  must  be  observed  in  tending  the  fruit 
where  steam  heat  is  used  in  place  of  direct  hot  air  from  furnaces. 

TIME  BEQTJIBED  FOB  DBYING. 

The  time  necessary  for  drying  fruit  depends  upon  several  factors. 
The  more  important  are :  Type  of  evaporator ;  depth  to  which  fruit 
is  spread ;  method  of  preparing — whether  sliced,  quartered,  or  whole ; 
temperature  maintained;  conditions  of  the  weather,  and,  to  a  certain 
extent,  the  construction  of  the  evaporator. 

The  application  of  these  several  factors  to  the  point  in  question 
readily  follows.  A  good  kiln  evaporator  should  dry  a  floor  of  slices, 
other  things  being  equal,  in  about  twelve  hours,  ten  to  fourteen  hours 
being  the  range  of  variation.  Where  the  fruit  is  handled  on  racks 
the  time  required  is  much  shorter,  but  conditions  are  quite  different 
from  the  kilns,  as  the  fruit  is  seldom  more  than  1  or  2  inches  thick  on 
the  racks.  For  slices,  five  hours  is  considered  a  reasonable  time,  with 
a  range  of  four  to  six  hours. 

It  is  estimated  that  quarters  will  require  from  eighteen  to  twenty- 
four  hours  in  the  average  kiln,  while  the  time  for  whole  apples  will 
range  from  thirty-six  to  forty-eight  hours. 

If  the  atmospheric  conditions  are  heavy  and  ^  damp,  the  drying  is 
retarded.  Under  some  conditions  it  is  hardly  possible  to  thoroughly 
dry  the  fruit.  During  windy  weather  also  it  is  more  difficult  to 
regulate  the  heat,  especially  if  the  walls  are  poorly  constructed  so 
that  the  draft  of  cold  air  into  the  furnace  room  can  not  be  controlled. 
This  applies  especially  to  kilns  heated  by  furnaces.  It  is  claimed  that 
steam-heated  evaporators  are  less  subject  to  the  influence  of  climatic 
conditions. 

WHEN  IS  THE  FBUIT  DBYl^ 

Perhaps  there  is  no  step  in  the  entire  process  that  requires  better- 
trained  judgment  than  the  matter  of  determining  when  the  fruit  is 
sufficiently  dried  to  meet  the  requirements.  Like  several  other  steps 
in  the  process  it  is  largely  a  matter  of  experience,  though  there  are 
certain  general  features  which  are  capable  of  l)eing  reduced  to  words. 

The  fruit  should  be  so  dry  that  when  a  handful  of  slices  is  pressed 
together  firmly  into  a  ball  the  slices  will  be  "  springy  "  enough  to  sep- 
arate at  once  upon  being  released  from  the  hand.  In  this  condition 
there  will  be  no  fruit,  or  only  an  occasional  piece,  that  has  any  visible 
moisture  on  the  surface.     In  a  slice  of  average  dryness,  it  should 
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not  be  possible  to  press  any  free  juice  into  view  in  a  freshly  made 
cross  section  of  it.  The  general  "  feel  "  of  the  fruit,  as  it  is  handled, 
should  be  a  soft,  velvety,  leathery  texture. 

The  foregoing  should  represent  as  nearly  as  possible  the  average 
condition,  but  it  can  not  be  expected  to  be  absolutely  uniform 
throughout.  Some  slices — they  should  constitute  only  a  very  small 
percentage — will  still  plainly  possess  some  of  the  juice  of  the  apple; 
others— -likewise,  properly  only  a  small  proportion — will  be  entirely 
too  dry,  possibly  dry  enough  to  be  brittle. 

THE  CUBING  BOOM. 

When  a  quantity  of  fruit  is  considered  dry  enough,  it  is  removed 
from  the  kiln  and  put  in  a  pile  on  the  floor  of  the  curing  room. 
Every  day  or  two  the  pile  should  be  thoroughly  shoveled  over  to 
make  uniform  the  changes  which  take  place.  Thus  managed,  the 
pile  in  a  few  days  will  become  thoroughly  homogeneous.  The 
pieces  that  were  too  dry  will  have  absorbed  moisture,  the  super- 
fluous moisture  of  other  pieces  will  have  disappeared,  and  the  entire 
mass  may  be  expected  to  reach  the  condition  above  described. 

HANDLING  THE  WASTE. 

In  the  usual  grades  of  apples  that  are  taken  to  the  evaporator 
there  are  many  specimens  that  are  too  small  to  pare  or  which  for 
other  reasons  can  not  be  profitably  used  in  this  way.  In  the  case  of 
some  of  the  larger  evaporators  which  are  operated  in  connection 
with  vinegar  factories,  these  apples,  as  well  as  all  parings  and  trim- 
mings, are  used  for  "vinegar  stock,"  but  in  the  smaller  ones  these 
portions  are  usually  dried.  It  is  generally  estimated  that  about  one- 
third  as  much  space  is  required  to  dry  the  parings  and  trimmings 
as  is  demanded  for  the  "  white  fruit."  « 

"Waste"  and  "chops"  are  generally  bleached,  but  are  seldom 
passed  through  the  bleacher  which  is  used  for  the  white  fruit.  Where 
they  are  dried  in  kilns,  which  is  usually  the  case,  a  common  way  of 
bleaching  is  to  burn  the  sulphur  in  the  furnace  room  after  the  stock 
has  been  spread  on  the  floor. 

It  is  generally  estimated  that  the  waste  from  a  given  quantify  of 
apples  will  pay  the  cost  of  the  fuel  for  evaporating  that  quantity  of 
fruit;  that  is,  putting  it  on  a  bushel  basis,  the  waste  from  a  bushel 
will  pay  for  fuel  to  evaporate  both  the  white  fruit  and  the  waste 
from  that  bushel.     While  in  some  instances,  when  the  price  of  such 

a "  White  fruit "  is  a  general  term  used  by  operators  and  dealers  to  denote 
the  grades  used  for  culinary  purposes,  in  distinction  from  **  waste,"  which  com- 
prises the  parings  and  trimmings,  and  "  chops,"  which  are  composed  of  the 
apples  that  are  too  small  and  otherwise  defective  to  pare. 

291 


33 

stock  is  low,  this  estimate  may  be  too  high,  it  not  infrequently  hap- 
pens that  it  more  than  pays  for  the  fuel. 

WEIGHT   OF   EVAPORATED   APPLES. 

Some  varieties  of  apples  will  make  more  evaporated  stock  to  the 
bushel  than  others.  The  grade  used  also  affects  the  amount,  but  an 
average  weight — a  frequent  basis  of  estimates — is  about  6^  pounds  of 
white  fruit  and  3^  pounds  of  waste  to  a  bushel  of  fresh  fruit.  AVhen 
the  apples  are.  dried  whole,  without  slicing,  they  will  make  from  1  to 
2  pounds  more  to  the  bushel  than  when  sliced. 

LAWS   RELATING   TO   EVAPORATED   FRUITS. 

So  far  as  the  writer  has  been  able  to  learn,  only  one  State  has 
enacted  laws,  aside  from  those  relating  to  the  presence  of  sulphurous 
acid  or  sulphites,  regulating  the  quality  or  condition  of  evaporated  or 
dried  fruits  offered  for  sale. 

In  1904  the  New  York  legislature  amended  the  agricultural  law  so 
as  to  prohibit  the  sale  of  adulterated  evaporated  apples.  This  act 
became  a  law  on  April  2G,  1904,  and  is  recorded  in  Chapter  391.  It  is 
intended  primarily  to  regulate  the  moisture  content  of  evaporated 
fruit  when  offered  for  sale.  For  the  purpose  of  the  act,  evaporated 
apples  are  considered  "  standard  "  if  they  do  not  contain  more  than 
27  per  cent  of  water  or  fluids  as  determined  by  drying  for  four  hours 
at  the  temperature  of  boiling  water. 

It  will  thus  be  seen  that  evaporated  apples,  in  the  terms  of  this  law, 
are  considered  "  adulterated  "  if  they  contain  more  than  27  per  cent 
of  moisture. 

The  pure  food  laws  of  some  States  also  apply  in  certain  instances, 
especially  those  which  make  specifications  in  regard  to  the  presence 
of  sulphurous  acid  or  sulphites  in  food  products.  This  reference 
to  the  matter  should  be  sufficient  to  call  the  attention  of  manufac- 
turers and  dealers  to  its  importance. 

A  California  statute,  approved  March  20,  1903,  requires  that  all 
fruit,  green  or  dried,  contained  in  boxes,  barrels,  or  packages,  and 
offered  for  shipment  in  the  State  be  so  labeled  as  to  designate  the 
county  and  immediate  locality  in  which  the  fruit  was  grown,  but 
a  decision  of  the  supreme  court  of  the  State  declares  this  law  to  be 
unconstitutional. 

A  decision  of  the  Board  of  Food  and  Drug  Inspection  under  the 
pure-food  law  enacted  by  tlie  first  session  of  the  Fifty-ninth  Congress 
of  the  United  States  relative  to  the  maximum  amount  of  sulphurous 
acid  permissible  in  evaporated  or  desiccated  fruits  is  now  awaited 
with  interest. 

The  attention  of  all  interested  persons,  especially  exporters,  should 
further  be  called  to  the  fact  that  "  the  governments  of  Prussia  and 
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Saxony,  in  order  to  unify  the  practices  of  inspectors  of  desiccated 
fruits,  have  issued  decrees  fixing  the  limit  of  sulphurous  acid  in 
desiccated  fruits  at  0.125  per  cent.''° 

The  presence  of  sulphurous  acid  in  desiccated  fruits,  and  also  of 
zinc  in  fruit  dried  on  galvanized  wire  racks,  has  frequently  been 
criticised  in  foreign  markets  and  has  been  the  source  of  unfavorable 
judgment,  resulting  in  more  or  less  agitation  favoring  laws  restrict- 
ing or  j)rohibiting  the  sale  of  such  fruit. 

HANDLIira  EVAPORATED  APPLES. 

While  comparatively  few  of  the  manufacturers  of  evaporated 
apples  pack  their  own  fruit  for  the  trade,  it  will  be  of  interest  to  them 
and  of  direct  value  to  know  something  of  the  methods  pursued  by 
dealers,  and  especially  in  regard  to  grading  and  the  requirements  of 
the  various  grades. 

The  product  of  all  grades  is  generally  shipped  to  the  dealers  in 
gunny  sacks  having  a  capacity  of  1^  or  2  bushels.  The  "  white 
fi'uit "  is  usually  bought  by  the  pound.  Sometimes  the  waste  is  rated 
by  the  hundredweight.  The  price  paid  is  not  governed  by  the 
market  conditions  alone;  the  quality  is  an  important  factor. 

RANGE  OF  PRICES. 

In  1904  the  output  of  evaporated  apples  was  -very  large  and  in 
excess  of  immediate  trade  demands.  The  prices  were  correspond- 
ingly low.  Because  of  a  light  crop  of  apples  in  the  season  of  1905, 
the  quantity  of  evaporated  apples  was  relatively  small.  There  was 
a  large  quantity  of  fruit  evaporated  in  1906,  but  trade  conditions 
were  rather  unusual  and  prices  varied  accordingly.  An  idea  of  the 
range  of  prices  at  the  evaporators  is  suggested  by  the  following  rates 
which  prevailed  in  New  York<luring  the  three  seasons  just  mentioned : 


Year. 

White 
fruit,  per 
.  pound. 

Chops,  per 
hundredweight. 

Watte,  per 
hmidxedweight 

1904 

C6nt8. 
3it0  4| 
7    t<)7J 
4    to7i 

to.  75  to  11. 15 
2 
1.75  to   2 

•0.60toltft.86 

1905 

1       to   1.25 

1906 

.90to  1.25 

The  market  price  of  whole  apples  is  usually  a  cent  or  more  a  pound 
higher  than  that  for  sliced  fruit ;   quarters  also  bring  a  higher  price. 

In  cases  where  special  pains  are  taken  in  trimming  and  in  other 
processes  in  preparing  the  fruit  and  the  finished  product  is  par- 
ticularly white  and  clean,  better  prices  than  the  prevailing  market 
rates  can  often  be  obtained. 

o  rHHMsIon  No.  7  of  "  Food  Inspection  Decisions  1-25,"  Bureau  of  Gheiiilstry, 
U.  S.  Department  of  Agriculture. 
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aRADiira 

In  classifying  evaporated  apples,  three  grades  are  generally  recog- 
nized, which  are  commonly  designated  as  "  fancy,"  "  choice,"  and 
*'  prime."  Two  other  grades,  which  in  reality  are  special  grades,  are 
also  sometimes  recognized,  viz,  "  extra  fancy,"  and  a  lower  grade  than 
prime — usually  called  prime  with  some  prefix,  frequently  the  name  of 
a  locality,  to  distinguish  it  from  that  grade. 

The  standards  demanded  for  these  various  grades  are  about  as 
follows : 

"  Fancy  "  is  very  white,  clean  stock,  free  from  all  pieces  of  skin 
and  other  objectionable  portions  which  should  be  removed  in  trim- 
ming, and  a  good  proportion  of  the  slices  in  rings. 

*•'  Choice "  denotes  a  grade  intermediate  between  "  fancy "  and 
''  prime,"  not  quite  clean  enough  for  "  fancy,"  yet  more  nearly  free 
from  imperfections  than  the  "  prime  "  grade  demands. 

•'  Prime  ''  must  be  good  stock,  well  cured,  and  of  a  generally  attract- 
ive appearance.  It  must  be  comparatively  white  and  mostly  free 
from  undesirable  portions,  but  stock  having  a  small  percentage  of 
such  defects  is  usually  put  in  this  grade. 

"  Extra  fancy,"  as  the  name  implies,  is  a  fancy  grade  that  is  excep- 
tionally fine.  It  must  possess  all  the  qualities  mentioned  in  describ- 
ing that  grade  in  a  marked  degree.  At  least  85  per  cent  of  the  slices 
should  be  "  rings." 

The  grade  below  "  prime  "  is  the  stock  that  has  been  so  carelessly 
handled  and  is  so  unattractive  in  appearance  that  it  can  not  main- 
tain the  standard  of  ''  prime."  It  is  packed  for  an  entirely  different 
and  much  poorer  class  of  trade  than  any  of  the  other  grades. 

KINDS  OF  PACKAGES  USED. 

In  packing  the  fruit,  several  sizes  of  packages  are  in  common  use. 
While  the  proporticmate  dimensions  of  the  packages  may  vary  with 
the  different  dealers  and  packers,  their  capacity  is  more  or  less  a 
matter  of  uniform  standards. 

Perhaps  the  package  most  used  is  the  50- pound  wooden  box.  A 
common  form  of  this  box  is  10^  by  11  by  22  inches,  inside  measure. 
Twenty-five-pound  boxes  are  likewise  much  used;  these  are  com- 
monly made  0  by  0  by  18  inches,  inside  dimensions.  A  box  holding 
55  pounds  of  sliced  fruit,  having  inside  measurements  of  11  by  llf 
by  22^  inches,  is  much  used  for  the  export  trade.  These  are  generally 
marked  "'  25  kilos  "  when  intended  for  export,  instead  of  having  the 
capacity  designated  in  pounds. 

Pasteboard  cartons,  holding  1  pound,  or  one-half  kilo  (l.lpounds) 
for  certain  export  trade,  are  also  more  or  less  used  for  the  better 
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grades  of  sliced   fruit.     These  cai*tons  are  generally  packed  in  a 
box  or  case,  48  cartons  to  the  c^ise.     The  cartons  are  2  by  5  by  7 

inches ;  the  case  is  about 
12  by  16  by  21  inches. 

All  of  these  packages 
are  used  as  desired  for 
slices  or  "  rings,-'  but 
the  quarters  and  whole 
fruit  are  generally 
packed  in  the  55-pound 
boxes,  which,  however, 
are  "expected  to  contain 
but  50  pounds  of  fruit 
in  these  forms. 

PACKnra. 


The  side  of  the  box 
intended  for  the  top  or 
''  face  "  is  packed  first, 
as  in  packing  fresh  fruit 
ill  boxes  or  barrels. 
The  first  step  in  pack- 
•  facers  ■'  are  slices  which 


Fig.  11.— a  •'  l)oard  "  of  facers. 

iiig.  therefore,  is  to  "  face  "  this  side, 
are  perfect  rings.  These  are  usually  sc 
which  contains  a  relatively 
large  proportion  of  them; 
they  are  then  placed  on  thin 
boards  which  are  slightly 
smaller  than  the  top  of  the 
box,  inside  measure,  over 
lapping  one  another  in  rows, 
lengthwise  of  the  board. 
Figure  11  shows  such  a 
'*  lK)ard ''  of  facers.  The 
facers  are  put  in  j)lac(»  by 
inserting  the  board  on 
which  they  are  arranged 
into  the  box,  which  is  first 
lined  with  paraffin  paper, 
and  then  with  a  dexterous 
movement  of  the  hand  flip- 
ping the  layer  of  rings 
against  the  inner  face  or  the  bottom, 
the  box. 
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A  press  similar  to  figure  12  is  generally  used  in  filling  the  boxes. 
Three  men  compose  a  packing  gang  for  each  press;  one  to  fill  the 
boxes  and  weigh  the  fruit;  one  to  operate  the  press;  a  third  to  nail 
on  the  cover,  which  now  becomes  the  bottom  of  the  box. 

In  filling  the  boxes,  an  extension  of  the  box  upward  is  necessary, 
since  50  pounds  of  evaporated  apples  have  to  be  compressed  greatly 
in  order  to  get  them  into  a  box  of  the  required  dimensions.  This 
extension  may  be  another  box  of  same  size  with  a  rim  nailed  around 
the  edge  to  fit  over  the  box  to  be  filled.  The  box  is  placed  on  a 
pair  of  scales  and  filled  with  the  desired  quantity  of  fruit,  by 
weight ;  it  is  then  passed  to  the  press.     A  "  follower  "  slightly  smaller 


Fig.  13.— a  /iO-pound  box  of  "fancy"  evapo- 
rated applea  with  cover  removed. 


Fig.  14.— A  50-pound  box  of  ♦•  fancy  "evapo- 
rated apples  with  cover  and  paper  lace 
removed. 


than  tlie  box  is  put  in  position  over  the  fruit  and  this  is  pressed  down 
until  the  fruit  reaches  the  desired  point. 

Quarters  and  whole  apples  are  handled  in  essentially  the  same 
manner  except  in  regard  to  the  facing.  In  facing  whole  apples 
they  are  placed  on  the  side  in  rows  lengthwise  of  the  bottom  (when 
packed,  the  top)  of  the  box.  The  boxes  are  then  filled  the  same  as 
with  slices.     Quarters  are  handled  in  the  same  way. 

Figure  13  is  a  box  of  fancy  evaporated  apples  with  cover  removed, 
showing  the  paper  lace  used  for  decorative  effect.  Figure  14  is  the 
same  box  with  the  paper  covering  entirely  removed.  Figures  15  and 
16  show,  respectively,  a  box  of  whole  apples  and  one  of  quarters. 
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Cartons  are  filled  by  hand,  the  work  usually  being  done  on  a  table 
of  convenient  height.  Each  package  is  weighed  to  insure  its  proper 
content  of  fruit. 

The  sun-dried  fruit,  of  which  quite  large  quantities  are  handled 


Fui.  1.').— A  fiO-p<)unil  box  of  "  prime"  whole  Fio.  Ifi.— A  60-pound  box  of  "prime"  quarterH. 

applet). 

by  SOUK*  dealers,  is  usually  packed  in  sugar  barrels.  This  is  largely  ex- 
])or(e(l.  The  waste  is  also  generally  put  into  barrels,  240  to  250  pounds 
net  usually  filling  a  barrel.     Chops  are  handled  in  a  similar  hianner. 

STOEING  THE  FETJIT. 

Tn  years  of  great  abundance  of  apples,  the  evaporated  product  is 
likely  to  exceed  the  immediate  demand.  While  fruit  that  has  been 
well  bleached  and  cured  can  be  held  for  a  considerable  period  of 
lime  without  loss  it  is  by  no  means  imperishable.  The  color  is  first 
to  deteriorate.  The  fruil  appears  to  lose  the  effect  of  bleaching  after 
a  time  and  turns  dark.  Though  it  may  retain  its  flavor  for  a  long 
time,  its  unattractive  appearance  renders  it  more  or  less  unsalable. 

Wlioii  it  is  desired  to  hold  evaporated  ai)ples  from  one  season  to 
another,  recourse  is  had  to  cold  storage.  Some  seasons  large  quanti- 
ties arc  liandUMl  in  this  way.  The  temperature  at  which  it  is  stored 
is  usually  from  I^J '  to  X)"^  F.,  or  about  the  same  as  for  fresh  fruit. 
Jf  well  bliMiched  and  properly  cured  it  may  ho  held  for  a  relatively 
long  period.  l^\>ur  or  live  years  is  said  by  commercial  handlers  to 
1h^  MlK>ut  th(»  usual  limit  of  time  In^fore  the  color  deteriorates.  It  is 
siddom,  bt>wcvcr,  that  it  is  desirable  to  hold  the  f niit  for  so  long  a  time. 
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COST  OF  FILLING  silos; 


INTRODUCTION. 

The  data  contained  in  the  following  pages  were  gathered  in  the 
months  of  September  of  1905  and  1906.  The  writer  visited  all  of 
the  thirty-one  farms  mentioned  in  this  paper  and  took  notes  on  the 
number  and  arrangement  of  men  and  teams,  the  machinery  used,  and 
the  length  of  time  taken,  and  he  also  made  measurements  of  the 
silos,  etc.  Information  in  regard  to  the  quantities  of  twine  and  fuel 
used  and  the  number  of  acres  cut  was  given  by  each  individual 
farmer. 

It  was  thought  advisable  to  confine  this  inquiry  to  localities  in 
which  the  silo  has  been  in  use  for  several  years.  The  places  chosen 
were  in  Jefferson  and  Fond  du  Lac  counties,  Wisconsin,  and  in 
Branch  and  Lewanee  counties,  Michigan. 

METHODS  EMFLOTED. 

The  methods  employed  by  the  different  farmers  in  filling  their 
silos  varied  greatly,  no  two  being  exactly  alike.  This  was  occasioned 
largely  by  scarcity  of  help  or  teams  and  by  the  kind  of  machinery 
used.  With  a  few  exceptions  the  different  methods  may  be  classified 
in  three  groups: 

(1)  The  most  common  practice  was  to  have  one  man  with  three 
horses  on  a  corn  harvester  cutting  com  in  the  field;  two  men  to  load 
the  wagons  in  the  field ;  three  or  four  men  with  teams,  depending  on 
the  distance  from  the  field  to  the  silo,  to  haul  the  com  to  the  cutter; 
one  man  to  run  the  engine  when  steam  was  used  for  power,  and, 
occasionally,  when  gasoline  engines  were  used,  one  man  to  feed  the 
cutter  and  one  man  in  the  silo  to  spread  and  tramp  the  silage.  Each 
teamster  pitched  off  his  own  load.  This  makes  a  crew  of  eight  or 
nine  men,  exclusive  of  the  man  who  tends  the  engine. 

(2)  In  cases  where  there  is  a  shortage  of  teams  the  following 
method  is  generally  practiced.     One  man,  with  three  horses,  cuts  the 

"For  dotails  in  reference  to  the  construction  of  silos,  the  feeding  of  silage  to  farm 
stock,  etc.,  see  Farmers'  Bulletin  32,  entitled  "  Silos  and  Silage." 
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com;  two  men  load  the  wagons  in  the  field;  two  men,  or  boys,  with 
teams,  haul  the  com  to  the  cutter;  one  man  unloads  the  wagons; 
one  man  feeds  and  one  man  works  in  the  silo.  As  soon  as  a  load 
arrives  at  the  cutter  the  teamster  changes  his  team  for  an  empty 
wagon  and  goes  back  to  the  field  after  another  load.  When  a  wagon 
is  unloaded  it  is  run  out  of  the  way  by  hand.  With  this  method  boys 
who  are  not  strong  enough  to  handle  the  green  com  can  be  utilized  to 
drive  the  teams.  This  method  requires  a  crew  of  six  men  and  two 
boys,  exclusive  of  the  engine  tender. 

(3)  When  enough  horses  are  available  and  help  is  scarce,  the 
following  arrangement  of  men  and  teams  is  a  good  one.  One  man, 
with  three  horses,  runs  the  harvester  in  the  field; , four  men  with  teams 
haul  the  com  to  the  silo;  one  man  feeds  and  one  spreads  the  com  in 
the  silo.  Low  trucks  or  wagons  with  racks  suspended  below  the 
axles  should  be  used,  so  that  the  teamsters  can  put  on  their  own  loads. 
(See  fig.  1.)  This  requires  a  crew  of  seven  men,  besides  the 
engineer. 

Table  1  gives  a  comparison  of  these  three  methods. 

Table  1 . — Number  ami  arrangement  of  men  employed  in  filling  silos  by  various  methods. 


Kind  of  work. 


Operating  binder . . 
Loading  wagons . . . 

Driving  teams 

Unloading  wagons. 

Feeding  cutter 

In  silo 


Method!,    i    Method  2. 


1 
2 

3  or  4 
Teamsters. 

I 
I 


Total  number  of  men  . 
Number  of  teams  hauling  . . 


8  or  9 
3  or  4 


1 
2 
2  (boys) 

1 
1 


Method  3. 


1 
0 
4 

Teamsters. 

1 
1 


The  difference  between  methods  is  in  the  arrangements  for  loading, 
hauling,  and  unloading.  WTien  there  is  a  sufficient  number  of  teams, 
;he  teamsters  do  thei"  own  loading  and  unloading.  When  teams  are 
^nc>r*c.Qi  \      ^^oH^rf  I.,.-    .oo  inU-o^ot  1   ^^pooHpH;  but  boys  mav dxivc 


measured  and  the 

^^  must  be  borne 

j!  actual  weights 

»  per  cent  greater 


,0  compare  the 

r  was  made  for 

^  •  -iiivj  hire  was  rated 

•'s  may  be  too  high 

.^  lire  attention  all  of 

.tipc  >ut  of  order  than 


did  the  steam  engines,  which  probably  offset  the  difference  in  atten- 
tion demanded. 

Twine  was  rated  at  lU  cents  a  pound,  coal  at  $5  a  ton,  and  gaso- 
line at  13  cents  a  gallon.  No  charge  was  made  for  wear  and  tear  on 
machinery  or  for  boarding  the  help.  Nearly  every  one  of  these  men 
owned  his  silage  cutter.  The  others  depended  on  hiring  cutters. 
The  charge  for  an  engine,  engineer,  silage  cutter,  and  one  man  to  feed 
is  usually  $10  a  day. 

Ten  hours  were  considered  a  day's  work.  No  deductions  were 
made  for  delays  unless  the  helpers  were  set  at  some  other  work.  The 
average  quantity  of  silage  cut  daily  by  each  man  was  computed  by 
dividing  the  number  of  tons  of  silage  cut  by  the  total  hours  worked 
and  multiplying  the  result  by  ten. 
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The  average  yield  of  silage  per  acre  was  9.01  tons.  The  average 
cost  per  ton  of  silage  was  64  cents.  The  average  amount  of  silage  cut 
daily  per  man  was  4.9  tons.  The  average  cost  per  acre  for  putting  the 
corn  in  the  silo  was  $5.98. 

ABEANGEMENT  OF  LABOB. 

The  following  table  shows  the  distribution  of  the  men  employed  in 
cutting,  loading,  hauling,  feeding,  etc.: 


T 

ABLE 

3. — Arrang 

lement  of  la 

bor  11 

•^7 

^  filling  silos  on  31  farms. 

Cutting 

g       1 

^ 

com. 

E2  1 

i   1 

t 

^1     Pitching  oil. 

e 
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a  Cutter  did  not  have  self-feeding  attachment. 

The  (iiiestion  at  once  arises,  Why  can  some  farmers  fill  their  silos 
at  a  cost  of  40  cents  a-ton  while  it  costs  others  86  cents?  Quite  often 
the  higher  cost  is  due  to  unavoidable  causes,  such  as  long  hauls, 
lodged  and  tangled  com,  and  accidents  to  machinery.  In  many  cases, 
however,  a  poor  arrangement  of  the  help  is  responsible  for  the  extra 
expense.  The  best  method  is  that  in  w^hich  the  w^orking  force  is  the 
most  evenly  balanced ;  that  is,  where  all  are  working  continually.  It 
is  not  necessary  that  men  and  team.s  should  be  rushed  to  their  fullest 
extent  in  order  to  get  the  work  done  cheaply.  Some  of  the  most 
expensive  work  was  conducted  w^ith  the  greatest  furore  and  hurry. 
The  scheme  where  all  are  working  and  no  one  is  hindered  by  the  others 
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is  the  most  economical.  Too  many  men  in  the  field  for  the  number 
at  the  cutter,  or  vice  versa,  and  too  large  a  crew  for  the  size  of  the 
silage  cutter  are  common  sources  of  loss.  Two  or  three  men  and 
teams  with  loaded  wagons  waiting  their  turns  to^inload,  a  similar 
condition  in  the  field  where  they  are  waiting  to  be  loaded,  or  a  delay 
owing  to  a  lack  of  teams  represents  a  decided  loss  of  valuable  time. 
The  factor  that  controls  the  size  of  the  crew  is  the  capacity  of  the 
silage  cutter. 

At  farm  No.  28  too  many  men  were  employed  (see  Table  3).  If 
there  had  been  only  two  men  instead  of  four  pitching  on  in  the  field, 
three  men  instead  of  four  with  teams  hauling,  and  one  man  instead  of 
two  in  the  silo,  just  as  much  silage  could  have  been  cut  in  the  same 
length  of  time.  The  cutter  was  of  medium  size — too  small  for  the 
number  of  men  supposed  to  be  at  work.  Deducting  the  w^ages  of  the 
four  men  and  one  team  that  were  not  needed  would  lower  the  cost  of 
filling  at  this  place  from  80  cents  to  64  cents  a  ton. 

A  small  cutter  may  be  used  almost  as  economically  as  a  large  one, 
but  most  farmers  wish  to  get  the  silo  filling  done  as  quickly  as  possible 
and  so  prefer  the  larger  machines.  There  was  only  2  cents  per  ton 
difference  between  the  cost  on  farms  7  and  8,  yet  at  No.  7  a  new 
machine  with  an  18-inch  cylinder  was  used,  while  at  No.  8  a  13-inch 
cylinder  machine  that  had  been  in  service  eighteen  years  was  still 
in  use. 

SIZE  OF  LOADS. 


There  seems  to  be  an  inverse  ratio  between  the  size  of  loads  hauled 
and  the  cost  per  ton  for  filling.  It  is  unfortunate  that  a  record  of  the 
total  number  of  loads  was  not  kept  for  each  farm.  The  importance 
of  this  feature  was  not  fully  appreciated  at  the  beginning  of  the  study. 
The  table  below  gives  the  average  size  of  load  on  ten  farms  where  such 
a  record  was  kept.  As  before  stated,  the  weights  given  are  for  cured 
silage  and  are  not  the  weights  of  the  green  corn  as  it  comes  from  the 
field. 

Table  4. — Relation  of  size  of  loads  to  total  cost  of  silage. 


No.  of  fami. 

Size  of 
loads. 

Tons. 
1.37 
1.54 
1.00 
1.  16 
.94 

Cost  per 
ton  of 
silage.    1 

1 

$0.46 
.48 
.51 
.56 
.62 

16... 

No. 

of  fann. 

Size  of 
loads. 

Cost  per 
ton  cf 
silage. 

1 

Tons. 
0.72 
.76 
.76 
.90 
.77 

t0t63 

2.                                            

19 

.67 

4 

26... 

.77 

10. 

28... 

.80 

15 

31. 

.86 

The  extra  large  loads  hauled  at  farm  No.  2  kept  the  cost  remark- 
ably low.  There  was  only  one  team  with  two  wagons  hauling. 
Had  smaller  loads  been  drawn,  the  help  of  the  eight  men  employed 
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could  not  have  been  utilized  to  good  advantage.  The  me 
and  machinery  at  farm  No.  14,  where  the  cost  was  60  ce 
almost  identically  the  same  as  those  at  No.  26,  where  the 
77  cents.  No  record  was  kept  of  the  total  number  of  loa 
at  these  two  farms,  but  the  loads  at  farm  No.  26  were  muc 
than  those  at  No.  14,  owing  to  a  steep  hill  that  had  to  be  c 
reach  the  cutter.  It  is  difficult  to  explain  in  any  other 
difference  in  cost  of  17  cents  a  ton  at  these  two  farms. 

GBOPS  USED. 

At  farm  No.  22  a  20-acre  field  of  alfalfa  was  ready  to  ci 
filling  time.  The  owner  tried  the  experiment  of  putting 
alfalfa  in  the  silo,  mixing  it  with  com.  The  alfalfa  was  c 
mowing  machine  and  raked  into  windrows  with  a  2-horse 
One  man  with  a  team  was  set  to  hauling  the  alfalfa  while  t 
hauling  com.  It  is  not  a  difficult  matter  for  one  man  to 
load  of  this  green  stuff  alone.  The  man  who  did  this  wc 
bring  in  five  big  loads  a  day,  estimated  at  2  tons  each.  The  i 
and  teams  hauling  com,  with  two  loaders  in  the  field,  wc 
from  35  to  40  loads  in  that  time.  The  silo  was  an  extra  ! 
over  38  feet  in  diameter,  and  so  the  two  crops  were  qui 
mixed. 

Corn  alone  was  used  at  all  of  the  other  farms.  There  is 
able  difference  of  opinion  as  to  the  relative  value  of  diffen 
ties  of  corn  for  silage.  Some  farmers  grow  very  large  south 
that  do  not  mature  grain  in  latitudes  as  far  north  as  Micl 
Wisconsin.  Others  prefer  the  ordinary  dent  sorts  which  ] 
large  percentage  of  grain.  The  total  amount  of  digestib 
per  acre  is  about  the  same,  whether  it  is  a  large  ensilage  c( 
ordinary-  field  variety,  the  difference  in  bulk  being  most 
Some  farmers  combine  the  two  by  planting  1  part  of  s( 
southern  variety  and  2  parts  of  common  field  com.  This 
make  a  very  satisfactoiy  silage. 

CONDITION  OF  THE  CROPS  WHEN  CUT. 

A  few  years  ago  it  was  thought  necessarj^  to  ensilage  c 
immature  state  in  order  to  have  it  keep.  This  made  a  s< 
with  a  strong  pungent  odor.  The  consensus  of  opinion  n< 
letting  the  com  go  until  the  grain  is  fully  matured.  In  ordi 
sons  there  is  a  period,  lasting  but  a  few  days,  in  which  the 
are  ripe  and  the  leaves  and  stalks  are  green.  This  is  the  i 
for  putting  it  in  the  silo.  If  the  com  is  allowed  to  matui 
this  stage,  water  should  be  added  to  the  cut  material  at  fi 
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to  prevent  *'fire  fanging''  of  the  silage.  The  results  of  many  chem- 
ical analyses  show  that  the  food  materials  in  the  corn  plant  increase 
very  rapidly  as  the  plant  approaches  maturity,  and  do  not  reach 
their  maximum  until  it  is  fully  ripe.  Most  feeders  prefer  the  silage 
made  from  mature  com  because  it  contains  less  acid  and  possesses  a 
milder  odor  than  it  does  when  cut  in  a  greener  condition. 

EaUIPMENT. 
HABVESTEBS. 

With  the  price  of  labor  high  and  help  difficult  to  obtain  it  becomes 
necessary  to  take  advantage  of  all  the  labor-saving  machinery  possi- 
ble. The  corn  binder  has  come  to  be  almost  indispensable  at  silo- 
filling  time.  Most  of  the  farmers  whose  work  is  described  herein 
owned  their  own  harvesters.     The  others  were  able  to  hire  them. 

The  cost  of  cutting  com  with  a  machine  is  about  the  same  as  when 
it  is  cut  b}^  hand  and  laid  in  small  bunches  on  the  ground.  But  there 
is  a  considerable  saving  of  time  in  handling  bundles  rather  than  loose 
stalks.  It  takes  fully  twice  as  long  to  unload  the  same  quantity  of 
corn  when  loose  as  when  in  bundles.  At  farm  No.  16  (Table  2)  the 
com  was  cut  with  a  harvester,  but  no  twine  was  used.  It  is  evident 
that  the  increased  cost  of  labor  more  than  offset  the  saving  of  three  or 
four  cents  per  ton  of  silage  for  twine.  Several  inventors  are  trying  to 
construct  a  corn  harvester  with  an  elevator  attachment  to  load  the 
corn  as  soon  as  cut  on  a  wagon  driven  alongside.  Some  of  these 
machines  give  promise  of  success. 

WAGONS. 

Until  a  loader  has  been  perfected  the  style  of  wagon  used  in  hauling 
needs  careful  consideration.  The  rack  should  be  as  low  as  possible. 
A  low,  solid-wheel  truck  gives  good  satisfaction  on  smooth,  level  farms, 

\sdth    short    hauls. 
The    draft    is    too 
heavy     for     other 
conditions. 
^^^^^^^lii^^^-^i''^'^"^'^'^         ■'         The  rack  that  is 

quite  commonly 
used  in  Wisconsin, 
figure  1 ,  consists  of  two  4  by  6  inch  bed  pieces,  18  or  20  feet  in  length, 
bolted  together  at  one  end  to  form  a  V .  On  top  of  these  timbers  is  built 
a  rack  G  feet  in  width.  The  bottom  of  this  rack  is  about  8  feet  long. 
The  end  boards  are  4  feet  high,  built  flaring  so  they  do  not  quite  touch 
the  wheels.     The  apex  of  the  V  is  suspended  below  the  front  axle  of  an 


Fig.  L— Rack  for  hauling  green  corn. 
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ordinary  farm  wagon  by  means  of  a  long  kingbolt.  The  other  ends 
are  attached  below  the  hind  axle  by  U-shaped  clevises.  This  rack  can 
be  easily  made.  The  materials  needed  in  its  construction  are  80  hisfigf^^ 
feet  of  4  by  6  inch  plank,  96  feet  of  boards  1  by  12  inches,  22  fee^lff 
lumber  2  by  4  inches,  I  long  kingbolt,  2  stirrup  rods,  and  bolts  a^A 
nails.  ,y' 

Hauling  gieen  corn  is  heavy,  tiresome  work,  and  too  much  attentjen 
can  not  be  paid  to  details  of  method  in  order  to  avoid  unnecessary 
.lifting.  Before  the  advent  of  the  com  harvester,  when  the  com  was 
cut  by  hand  and  hauled  unbound,  it  was  a  common  practice  to  have 
the  cutter  set  on  a  platform  about  2§  feet  above  the  ground.  A  man 
could  pick  up  an  armful  of  corn  on  the  wagon  and  stepping  on  the 
platform  place  it  on  the  feeding  table.  With  the  corn  bound  in  bun- 
dles this  arrangement  causes  much  extra  labor;  nevertheless  many 
farmers  still  keep  the  cutter  upon  the  platform  and  lift  the  com  up  to 
it  when  they  could  much  more  easily  drop  it  on  the  table  if  the  cut- 
ter were  down  on  the  ground. 

SILAGE  CTTTTEBS. 

There  are  several  first-class  silage  cutters  on  the  market — machines 
that  will  cut  the  com  as  fast  as  two  men  can  pitch  it  on  the  table.  The 
self -feeding  table  that  is  found  on  most  of  the  modem  cutters  saves  the 
labor  of  at  least  one  man.  This  table  should  be  long  enough  to  hold 
two  bundles  of  corn  lapped  at  the  bands. 

ELEVATORS. 

There  are  two  types  of  elevators  in  general  u.se.  One  is  the  old- 
style  slat,  or  rattle  carrier,  and  the  other  is  the  blower,  in  which  the  cut 
com  is  forced  up  through  a  tube  by  means  of  a  current  of  air.  (See 
figs.  2  and  3.)  The  chief  objection  to  the  blower  machine  is  that  it 
takes  so  much  power  to  run  it.  \^Tiile  the  blower  requires  more  power 
to  operate  than  does  the  slat  carrier,  very  few  blowers  require  more 
than  a  12-horsepower  engine.  With  but  one  exception  the  power 
used  on  any  one  of  these  31  fanns  would  have  been  sufficient  to 
run  a  medium-sized  blower  machine,  and  in  most  cases  would  have 
handled  the  largest  machines  without  any  trouble.  It  is  interesting 
to  note  that  blower  machines  were  used  by  the  five  men  having  the 
lowest  cost  per  ton  of  silage.  Where  the  carrier  elevators  were  used  it 
cost  on  an  average  65  cents  per  ton  to  fill  the  silo,  while  it  cost  those 
who  used  the  blinver  elevators  61  cents.  A  carrier  unless  covered  on 
top  and  fitted  witli  a  return  trough  underneath  is  very  untidy,  espe- 
cially d  uring  windy  weather.     At  one  place  there  was  litter  to  the  depth 
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of  half  a  foot  about  the  silo  that  had  blown  out  of  the  carrier, 
trouble  is  avoided  by  the  use  of  the  blowers. 


This 


Fiti.  2.— Filling  a  silo  l^y  rrieaiis  of  a  slat  elevator  having  a  closed  top  and  return  trough  underneath. 

The  l)l()wer  j)ipe  sliould  stand  as  nearly  perpendicular  as  i>ossible. 
In  one  ease  that  was  called  to  the  writer's  attention  a  blower  at  first 

proved  imsatisfactor}-. 
The  trouble  lav  in  hav- 
int]j  the  cutter  set  too 
far  from  the^ilo,  with 
the  pipe  leaning  at  an 
angle    of    30    degrees 
from   the   perpendicu- 
lar.    Tlie  pipe  clogged 
fretjuently,  and  a   12- 
^'  "sepower      engine 
vas      insudicient       to 
landle  the  cutter  when 
'    f»s    Towded  to  any- 
•^   -      •ke  its  full  ca- 
After  two  days 
^'    yance  and  dis- 
' -vinent  theowner 
•-v'd  the  ])osition  of 
nachine,   putting 
")se    to    the    silo. 
* . .     •  fVorence  could  be 
.  .  t-  ,1     ack  of  power, 
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SILAGE  DISTBIBXTTEItS. 

In  a  silo  more  than  36  feet  in  depth  it  is  not  necessary  to  have  a 
man  to  tramp  the  cut  com.  If  the  surface  is  leveled  two  or  three 
times  a  day  while  filling,  the  silage  will  pack  sufficiently  to  keep. 
But  there  is  one  objection  to  doing  this.  If  the  cut  com  is  allowed 
to  pile  up  in  the  form  of  a  cone,  the  heavier  parts  will  roll  to  the  out- 
side of  the  pile  and  the  grain  and  leaves  will  not  be  evenly  mixed. 

Several  devices  have  been  invented  for  distributing  the  cut  mate- 
rial in  the  silo,  but  few  of  them  are  successful.  One  of  the  most 
satisfactory  distributers  where  a  blower  is  used  consists  of  two  boards, 
8  or  10  inches  wide  and  about  half  as  long  as  the  diameter  of  the  silo, 
nailed  together  at  right  angles  to  form  a  trough.  A  12-inch  board 
is  nailed  over  one  end  of  this  trough,  the  other  end  being  left  open. 
For  use,  the  trough  is  suspended  from  the  roof  with  the  open  side 
downward  and  the  closed  end  toward  the  center  of  the  silo.  The 
open  end  rests  above  the  top  of  the  blower  pipe.  As  the  cut  mate- 
rial leaves  the  pipe  it  follows  along  this  trough  until  it  strikes  the 
closed  end;  then  it  is  scattered  about  the  silo.  If  a  little  care  is 
exercised  in  adjusting  this  device,  it  will  give  very  good  results. 

PABTNEBSHIP  ABBANGEMENTS  AMONG  FABMEBS. 

The  high  cost  of  machinery  for  cutting  silage  and  the  difficulty 
in  securing  help  prevent  many  farmers  from  building  silos.  It  is 
highly  important  to  be  able  to  get  an  outfit  when  it  is  needed.  An 
early  frost  or  a  spell  of  hot,  dry  weather  may  so  affect  the  crop  that 
it  is  necessary  to  fill  the  silo  several  days  before  the  usual  time.  For 
this  reason  a  man  should  own  his  cutter  and  engine,  especially  if 
enough  silage  is  cut  each  year  to  warrant  this  outlay  of  capital.  It 
is  usually  easier  to  hire  an  engine  than  it  is  a  cutter.  For  this  reason 
many  buy  the  latter  and  depend  on  being  able  to  rent-  the  former 
when  it  is  needed.  The  next  best  arrangement  to  owning  an  outfit 
individually  is  for  two  or  three  farmers  in  the  same  neighborhood  to 
buy  the  necessary  machinery  in  partnership. 

The  owners  of  farms' Nos.  14,  17,  and  26  bought  a  silage  cutter 
together.  At  filling  time  each  man  furnishes  two  laborers  and  one 
team  while  the  others  are  filling.  By  varying  the  seeding  time  in 
the  sprinj^  they  have  been  able  to  control  the  time  of  harvesting  so 
that  all  three  get  their  silos  filled  with  corn  in  good  condition. 
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LtTTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agbiculture, 

Office  of  Expebiment  Stations, 
Washington,  D.  C,  April  11  j  L 
Sib:  I  have  the  honor  to  transmit  herewith,  and  to  recomme 
publication  as  Farmers'  Bulletin.  No.  293,  an  article  on  the 
fruit  as  Tood,  prepared  by  C.  F.  Langworthy,  in  charge  of  nu 
investigations  of  this  Office,  in  accordance  with  instructions 
by  the  Director. 

The  present  bulletin  is  a  revision  and  extension  of  an  arti 
Doctor  Langworthy  bearing  a  similar  title,  which  was  publisl 
the  Yearbook  of  the  Department  for  1905,  and  constitutes  a  sud 
of  available  data  on  the  composition,  food  value,  and  place  in  tl 
of  fresh  and  preserved  fruits  of  different  sorts,  particularly  the 
of  temperate  regions  which  are  commonly  grown  in  the  United  i 
In  preparing  the  bulletin  an  extended  study  has  been  made 
literature  of  the  subject,  especially  of  the  numerous  investig 
reported  by  the  agricultural  experiment  stations  and  the  ^ 
scattered  articles  in  American  and  foreign  journals.  The  p 
bulletin  is  therefore  similar  in  scope  and  purpose  to  the  popula 
lications  which  the  Department  has  issued  in  the  past  summt 
available  information  on  different  food  materials  which  enter  1 
into  the  diet  of  most  American  families. 
Respectfully, 

A.  C.  Tbue, 
Dire* 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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USE  OF  FRUIT  AS  FOOD. 


nrrEODTJCTioH. 

Edible  fruits  show  the  greatest  range  in  form,  color,  and  appc 
and  are  found  in  almost  countless  varieties;  yet  from  the  bol 
standpoint  all  our  fruits  are  the  seed-bearing  portion  of  the 
The  edible  fruits  of  temperate  regions  fall  into  a  few  groups- 
fruits,  like  cherries  and  plimis;  pome  fruits,  like  apples  and 
grapes;  and  berries,  like  strawberries,  blackberries,  and  cu 
There  are  several  products,  such  as  muskmelons,  cantaloupe 
watermelons,  sometimes  classed  as  fruits  and  sometimes  as  vegc 
which,  of  course,  would  not  belong  to  any  one  of  these  groups, 
ical  fruits  are  not  so  easily  classified,  though  the  citrus  family  (o: 
lemons,  etc.)  includes  many  of  the  more  common  sorts. 

There  are  a  few  vegetable  products  which  are  not  fruits 
botanical  sense,  but  which  by  common  consent  are  included 
class  of  food  products  since  their  place  in  the  diet  is  the  same 
most  common  of  these  products  is  rhubarb,  and  there  are  fe 
of  fruit  which  the  acid  rhubarb  stalk  does  not  serve.     Angelica 
which  are  candied  and  used  for  making  cakes  and  confectione 
much  less  common,  though  the  total  amount  used  is  large, 
certainly  more  natural  to  include  preserved,  candied,  and  crysi 
ginger  root  with  candied  pineapple,  candied  cumquats  and 
products  than  with  any  other  class  of  food  materials,  and  ol 
ioned  candied  sweet  flag  root  may  also  be  mentioned  in  th 
nection. 

WILD  AND  CULTIVATED  FEUITS. 

In  an  account  of  the  first  Virginia  colony  it  is  stated  tl 
Indians  ate  wild  mulberries,  crab  apples,  and  huckleberries,  bu 
ing  is  said  of  their  cultivating  fruits,  though  they  raised  co 
other  vegetables.  Wild  fruits  have  been  part  of  the  diet  of 
tive  man  whenever  obtainable,  and  no  one  can  say  with  ce 
when  wild  varieties  were  first  cultivated,  but  it  must  have  bee 
in  the  history  of  the  race,  since  such  fruits  as  apples  and  peai 
been  under  cultivation  so  long  that  the  varieties  now  grow 
scarcely  any  resemblance  to  the  very  small,  woody,  inferior  i 
the  wild  parent.  As  a  country  becomes  more  thickly  settle 
and  less  reliance  can  be  placed  on  wild  fruits,  and  the  market  gf 
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and  fruit  grower  become  of  increasing  importance.  In  the  United 
States^  strawberries,  blackberries,  and  raspberries  are  examples  of 
fruits  which  are  still  eaten  both  wild  and  cultivated  *  and  cranberries 
have  so  recently  come  under  cultivation  that  many  persons  still 
think  of  them  as  a  wild  fruit.  Huckleberries  and  blueberries  are 
practically  unknown,  except  as  they  grow  wild,  though  attempts  are 
now  being  made  to  bring  the  blueberry,  to  greater  perfection  imder 
cultivation.  Among  little-known  wild  fruits  elderberries  and  scarlet 
haws  or  thorn  apples,  to  give  them  their  New  England  name,  may 
be  mentioned.  Both  are  used  for  jelly  making  to  some  extent  and 
the  former  for  other  purposes  also,  but  as  yet  neither  is  considered 
as  of  much  importance. 

It  would  be  difficult  to  say  why  some  fruits  which  are  considered 
to  be  fairly  palatable  and  equal  to  others  which  are  generally  eaten 
have  obtained  so  Kttle  popularity.  For  instance,  both  wild  and  cul- 
tivated mulberries  have  long  been  known  and  prized  by  many,  but 
are  perhaps  unknown  to  the  majority  of  persons  and  very  little  used. 
In  the  same  way  the  medlar,  a  fruit  closely  related  to  the  apple  and 
common  enough  in  parts  of  Europe,  is  almost  unknown  in  the  United 
States,  though  it  could  be  readily  grown,  if  desired. 

In  some  of  our  cultivated  fruits,  like  the  banana,  seed  is  almost 
never  found ;  in  the  case  of  others,  for  instance  the  orange,  the  seedless 
and  seed-bearing  varieties  are  both  common;  but  in  the  majority  of 
fruits  seeds  are  present  in  greater  or  less  abundance.  It  has  been  said 
that  seedlessness  is  a  result  of  long-continued  cultivation,  but  it  seems 
more  probable  that  the  seedless  forms  are  due  to  the  propagation 
and  cultivation  of  natural  sports  without  seeds.  Seedless  sports  are 
by  no  means  uncommon  in  wild  fruits.  Thus  the  native  American 
persimmon  is  now  and  then  found  bearing  seedless  fruit,  and  such  a 
form  could  be  perpetuated  by  horticulturists,  if  need  be.  The  seed- 
less navel  orange  has  been  propagated  in  recent  times  from  a  seedless 
sport,  and  it  seems  very  probable  that  bananas,  though  the  wild 
forms  are  commonly  full  of  seeds,  were  propagated  from  a  seedless 
sport  in  times  too  remote  for  record.  Indeed,  it  may  be  said  that 
there  is  an  almost  universal  tendency  to  cultivate  and  perpetuate 
varieties  in  which  seeds  are  few  in  number  or  small  in  size,  and  quite 
naturally,  since  such  fruits  are  more  convenient  to  use  and  contain 
a  higher  proportion  of  nutritive  material  in  a  given  bulk. 

In  general,  it  is  true  that  size,  yield,  color,  flavor,  texture^  and 
chemical  composition  are  modified  by  cultivation. 

The  commercial  fruit  grower,  of  course,  desires  a  fruit  of  good 
appearance,  having  satisfactory  shipping  and  keeping  quaUties,  and 
too  often  the  consumer  is  satisfied  to  accept  a  product  in  which  such 
qualities    predominate.     Discriminating    purchasers,    however,  will 
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insist  on  good  flavor,  texture,  and  cooking  quaKties  as  well,  and  such 
demands  should  be  more  often  urged  in  order  that  quality  may  replace 
appearance  as  a  standard  in  cultivating  fruit  for  market. 

MAEKET  CONDITIONS  AND  FBUIT  STJPPLT. 

The  fruit  market  has  been  very  greatly  modified  and  extended  by 
improved  methods  of  transportation  and  storage.  A  man  need  not 
be  very  old  to  remember  the  time  when,  at  least  in  the  Northern 
States,  bananas  were  a  comparative  rarity  outside  the  large  cities, 
and  oranges  and  lemons,  though  common  commodities,  were  rather 
high  in  price.  In  the  summer  there  was  an  abundance  of  the  com- 
mon garden  fruits,  but  in  winter  apples  were  practically  the  only 
sort  which  was  at  all  plentiful.  A  few  years  have  witnessed  a  great 
change,  and  now  there  is  hardly  a  village  so  small  that  bananas  and 
other  southern  fruits  can  not  be  purchased  at  reasonable  prices.  In 
Europe  the  situation  is  much  the  same.  Such  quantities  of  bananas 
are  now  taken  to  England  and  sold  at  such  reasonable  rates  that  they 
are  sometimes  spoken  of  there  as  the  poor  man's  fruit.  At  the 
present  time  there  are  a  number  of  fruits,  such  as  avocados  or  *'alU- 
gator  pears,''  mangoes,  and  sapodillas,  which  are  fairly  well  known 
in  our  large  markets  though  seldom  seen  in  the  smaller  towns.  The 
enormous  development  of  the  fruit-growing  industry  in  California 
and  Florida,  which  includes  the  products  of  both  temperate  and 
warm  regions,  as  well  as  the  possibilities  of  supplying  the  northern 
markets  with  tropical  fruits  from  Porto  Rico  and  Hawaii,  makes  it 
probable  that  within  a  few  years  the  avocado,  the  mango,  and  other 
tropical  fruits  will  be  as  well  known  as  the  pomelo  or  the  pineapple. 

Improvements  in  transportation  have  also  materially  lengthened 
the  season  of  many  fruits,  such  as  strawberries,  which  can  not  be 
stored  for  any  considerable  period.  Florida  and  the  Carolinas  now 
send  their  berries  to  northern  markets  months  before  the  home-grown 
crop  can  be  expected  and  several  weeks  before  that  from  tidewater 
Virginia  or  New  Jersey  is  ripe.  As  an  illustration  of  the  eflFect  of 
improved  methods  in  shipping  fruit,  it  may  be  mentioned  that 
melons  from  the  south  of  France,  hothouse  peaches  from  Belgium, 
and  peaches,  plums,  and  other  fruits  from  South  Africa  are  now  sent 
to  our  American  markets  in  winter.  The  introduction  or  origina- 
tion of  new  varieties  of  fruits  also  prolongs  the  season.  As  an 
instance  may  be  cited  the  Peen-to  peach,  a  Chinese  variety  which 
can  be  successfully  raised  in  Florida  and  Texas,  and  which  is  found  in 
our  northern  markets  in  early  spring,  though  at  present  at  prices 
which  clearly  make  it  a  luxury.  Furthermore,  improved  methods 
of  culture  and  transportation  have  extended  the  area  planted  to  old 
and  well-known  varieties. 
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COLOE  AND  FLAVOE  OF  FETHTS. 

Fruits,  like  leaves  and  flowerS;  owe  their  varied  color  to  a  number 
of  chemical  compoimds,  the  green  to  chlorophyll  (the  characteristie 
coloring  matter  of  green  leaves),  the  yellow  to  xanthin  bodies  and 
other  yellow  pigments,  and  the  blue  and  red  to  solutions  in  the  cell 
sap  of  complex  coloring  matters  which  have  in  most  cases  been  isolated 
and  classified.  Several  coloring  matters  are  often  present  in  combi- 
nation and  give  rise  to  the  great  variety  of  shades  which  different 
fruits  present.  In  white  fruits  coloring  matter  is  absent  from  the  epi- 
dermis and  the  cells  are  said  to  be  filled  with  air.  As  fruits  develop, 
mature,  and  deteriorate,  the  coloring  matters  present  imdei^o  marked 
chemical  changes,  and  color  is  one  of  the  most  common  means  of 
judging  of  ripeness. 

Attractive  color  has  a  decided  effect  on  market  value,  and  the  public 
demand  varies  greatly  in  different  regions.  Thus,  a  yellow  or  russet 
dessert  apple  is  demanded  in  the  French  market,  while  in  many  parts 
of  the  United  States  the  red  apple  has  the  preference.  A  faded,  dull 
color  is  often  an  indication  of  staleness;  strawberries  and  raspberries 
which  have  been  kept  too  long  have  Httle  of  the  brilliant  color  of 
freshly  gathered  fruit.  That  fruit  colors  in  general  are  not  very  per- 
manent is  shown  by  the  way  the  color  deteriorates  on  long-continued 
cooking  or  fades  when  canned  and  preserved  fruits  are  exposed  to  the 
light. 

In  preparing  such  fniits  as  plums,  peaches,  etc.,  for  the  table,  the 
skin  may  be  readily  removed,  without  injury  to  the  flavor  by  first 
immersing  them  for  a  short  time  in  boiling  hot  water.  A  silver  knife 
should  always  be  used  for  paring  apples,  pears,  and  other  fruits,  as 
if  a  steel  knife  is  used  the  acid  of  the  fruit  acts  on  the  iron  of  the 
knife  and  frequently  causes  a  black  discoloration,  and  there  is  also 
very  commonly  a  noticeable  metallic  flavor.  If  pared  or  cut  fruit 
is  exposed  to  the  air,  it  rapidly  turns  dark  in  color,  owing  to  the  action 
of  oxydases,  as  some  of  the  ferments  normally  present  in  fruits  are 
called,  upon  the  tannin  or  other  readily  oxidizable  bodies  which  are 
also  normal  fruit  constituents. 

In  the  same  way  the  brown  color  of  the  bruised  spots  in  apples  is 
caused  by  oxidation  by  means  of  the  oxydases  present  in  the  fruit 
of  the  tannin  in  the  crushed  cells.  Such  bruised  portions  contain  a 
larger  proportion  of  starch  than  the  rest  of  the  apple  because  the 
tannin  hinders  the  transformation  of  starch  into  sugar. 

In  investigations  carried  on  at  the  Oregon  Agricultural  Experiment 
Station  with  a  view  to  preventing  the  discoloration  of  evaporated 
fruits  and  vegetables  it  was  found  that  treating  sliced  apples  with  a 
weak  solution  of  common  salt  (1  to  2  per  cent)  resulted  in  a  product 
which  was  very  bright  and  white  and  of  better  appearance  than  that 
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obtained  by  the  well-known  domestic  method  of  treatment  with  cold 
water.  It  seems  probable  that  the  Oregon  method  may  find  applica- 
tion in  the  household. 

Fruits  owe  their  flavor  in  considerable  degree  to  the  sugars  and  the 
malic,  citric,  and  other  acids  which  they  contain,  but  the  flavor  which 
is  so  characteristic  of  different  kinds  is  almost  entirely  due  to  ethereal 
bodies.  The  amount  present  is  oftep  too  small  for  determination  by 
the  usual  chemical  methods.  However,  in  many  cases  these  flavor- 
giving  bodies  have  been  studied  and  their  chemical  nature  is  known. 

The  flavor  of  strawberries  has  been  shown  to  be  dependent  in  part 
at  least  upon  the  presence  of  a  volatile  oil  with  pronounced  strawberry 
odor  which  is  found  in  small  proportions  in  the  extracted  fat  of  the 
dried  berries.  Recent  German  investigators  <»  have  identified  the  com- 
pound ethers  which  give  bananas  their  characteristic  flavor. 

With  the  orange  and  other  citrus  fruits  the  oil  f oimd  in  the  skin  has  a 
very  characteristic  odor  and  flavor  which  are  always  associated  in  our 
minds  with  the  flavor  of  the  fruit.  Obviously,  the  small  amoimt  of 
these  bodies  of  pronounced  odor  and  flavor  can  not  materially  modify 
the  nutritive  value  of  fruits,  but  they  are  of  great  importance  in  con- 
sidering the  place  of  fruit  in  the  diet,  as  they  are  very  largely  responsi- 
ble for  its  attractiveness  and  palatability.  There  is  no  doubt  that  we 
all  eat  more  readily  the  foods  which  please  our  palate  than  those  which 
are  of  indifferent  flavor,  and  there  is  every  reason  to  believe  that  the 
foods  which  please  are  actually  digested  more  easily  than  those  which 
do  not,  since  they  stimulate  a  normal  and  abimdant  production  of 
digestive  juices. 

GOMFOSITIOH  OF  FBUITS. 

Determining  the  proportion  of  water,  protein,  fat,  carbohydrates 
(nitrogen-free  extract  and  crude  fiber),  and  ashtin  fruits  as  in  other 
foods  furnishes  a  convenient  basis  for  judging  of  their  relative  food 
value.  It  is  quite  common  for  chemists  to  determine,  instead  of  their 
proximate  constituents,  the  proportions  of  the  different  nitrogenous 
bodies  present,  as  well  as  the  amoimts  of  the  different  sugars,  etc., 
which  in  the  ordinary  method  of  analysis  are  grouped  with  the  othe' 
carbohydrates. 

The  more  detailed  analyses  are  of  great  interest  and  value  for  many 
reasons,  but  with  our  present  knowledge  it  seems  fair  to  assume  that 
the  various  sugars  and  starches,  for  instance,  have  the  same  nutritive 
value,  and  so  a  knowledge  of  the  total  quantity  of  these  bodies 
present  gives  very  satisfactory  datia,  for  estimating  the  food  value  of 
the  group.^     Very  many  analyses  and  studies  of  fruit  and  fruit  prod- 

aDeut.  Essigindus.,  1905,  p.  81. 

b  An  extended  summary  of  the  more  detailed  analyses  of  fruits  and  fruit  products 
may  be  found  in  K6nig*8  Chemie  der  menschlichen  Nahrungs-  und  Genussmittel. 
Berlin,  1903,  vol.  1,  4th  ed.,  pp.  820-895. 
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ucts  have  been  made  by  chemists  of  the  agricultural  experiment  sta- 
tions, as  well  as  by  the  different  Bureaus  of  the  Department  of  Agri- 
culture. Table  1  summarizes  a  large  amount  of  such  data  and  shows 
the  composition  of  fresh,  dried,  and  preserved  fruits  and  fruit  prod- 
ucts, and  for  comparison  the  composition  of  a  few  other  foods  as  well. 
In  this  table  and  the  discussions  which  follow,  attention  has  been 
given  especially  to  the  fruit  of  northern  and  temperate  regions  and  no 
attempt  has  been  made  to  summarize  the  considerable  amount  of  data 
available  regarding  tropical  fruits,  except  some  which  are  grown  in  the 
United  States  or  which  are  fairly  well  known  at  least  in  the  larger 
markets.  Special  studies  of  tropical  fruits  have  been  made  by  the 
California  and  by  the  Maine  experiment  stations,  and  the  Bureau  of 
Chemistry"  of  this  Department  has  reported  an  extended  series  of 
investigations  of  such  fruits  and  the  jams  and  preserves  made  from 
them. 

Most  of  the  fruits  and  fruit  products  included  in  the  table  are  too 
well  known  to  need  description.  Of  those  which  are  less  familiar, 
the  avocado  or  ** alligator  pear''  is  a  green  or  purple  fruit  not  unlike 
an  eggplant  in  appearance.  The  portion  eaten  is  the  pulp  which 
surrounds  the  single  large  seed.  In  texture  it  is  soft  and  somewhat 
like  butter,  and  to  this  quality  it  doubtless  owes  the  name  *' mid- 
shipmen's butter,'*  given  to  it  in  the  days  of  sailing  vessels.  The 
avocado  is  eaten  in  a  variety  of  ways,  but  is  most  commonly  served 
as  a  salad.  This  fruit  has  a  delicate  almost  nut-hke  flavor,  and  is 
every  year  becoming  more  popular.  EarUer  publications*  of  this 
Depf|,rtment  have  discussed  the  avocado  at  length  and  described  its 
cultivation  and  uses. 

The  fruits  of  several  sorts  of  cactus  are  very  commonly  eaten  in 
Mexico  and  other  regions  where  cactus  is  abundant,  and  are  common 
though  less  well  known  in  New  Mexico  and  the  Southwest.  Under 
the  name  of  prickly  pear  or  Indian  fig  fresh  cactus  fruits,  particulariy 
the  oblong,  oval,  yellowish  or  reddish  fruits  of  Opuntia  ficus  indica, 
showing  here  and  there  characteristic  tufts  of  fine  spines  or  bristles, 
are  occasionally  seen  at  certain  seasons  of  the  year  in  large  fruit  shops. 
Cactus  fruits  may  be  used  for  jam  making  and  in  similar  ways.  A 
rather  hard  solid  preserve  or  **  cactus  cheese,"  which  may  sometimes 
contain  nuts,  is  a  Mexican  sweetmeat. 

Many  varieties  of  the  guava,  a  very  aromatic  tropical  and  sub- 
tropical fruit,  are  grown  in  the  warmer  regions  of  the  United  States, 
and  its  uses  are  so  varied  that  it  is  often  said  the  guava  occupies 
much  the  same  place  in  cookery  in  the  Tropics  as  the  apple  in  northern 

"U.  S.  Dcpt.  Agr.,  Bureau  of  Chemistry  Bui.  87. 

&U.  S.  Dept.  Agr.,  Bureau  of  Plant  Industry  Bui  77;  Farmers'  Bui.  160.  . 
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regions.  The  fresh  fruit  is  seldom  seen  outside  the  regions  where  it 
is  grown,  but  guava  jelly  and  guava  paste  are  common  commercial 
products,  and  have  been  popular  ever  since  the  days  when  the  West 
India  merchantmen  brought  these  deUcacies,  preserved  tamarinds, 
and  oranges  and  lemons  to  our  northern  markets  as  well  as  such 
staple  goods  as  sugar  and  molasses. 

The  roselle  or  Jamaica  sorrel  is  the  fruit  of  a  widely  distributed 
tropical  hibiscus  which  is  grown  extensively  in  CaKfomia  and  Florida. 
The  fruits  somewhat  resemble  okra  in  form,  are  of  a  dark  magenta 
color,  and  have  an  acid  flavor  much  like  that  of  cranberries.  They 
are  used  for  jams,  jellies,  etc. 

The  Surinam  cherry  is  the  fruit  of  a  South  American  tropical  shrub 
now  grown  to  a  limited  extent  in  southern  Florida  and  California. 
It  is  about  the  size  and  shape  of  an  ordinary  cherry,  and  owes  its 
common  EngUsh  name  to  this  fact.  The  fruit  is  bright  red  in  color, 
and  has  a  sharp  but  pleasant  acid  flavor.  The  Surinam  cherry  is 
used  for  jelly  making,  etc.,  but  is  seldom  a  commercial  product. 

The  loquat,  commonly  though  incorrectly  called  the  Japan  plum, 
is  grown  to  a  considerable  extent  in  the  southern  United  States.  The 
small,  yellowish,  plum-like  fruits  are  almost  translucent  when  ripe, 
and  are  covered  with  a  downy  fuzz  or  bloom.  The  pulp  is  soft  and 
tender  and  quite  tart  until  fully  ripe.  The  flavor  is  distinct  and 
agreeable.  Loquats  are  used  both  raw  and  cooked,  and  both  fresh 
and  preserved  fruits  are  commercial  products. 

The  sapodilla,  a  tropical  fruit  which  thrives  in  regions  like  the 
warmer  parts  of  Florida,  suggests  a  good  sized  russet  apple  in  appear- 
ance, but  when  broken  open  is  quite  different  in  character,  as  it  con- 
tains a  number  of  rather  large  flat  brown  seeds  embodied  in  a  tender 
brownish  white  pulp.  The  flavor  is  characteristic,  and  to  some 
palates  suggests  a  combination  of  a  pleasant  mild  acid  with  caramel 
or  brown  sugar.  The  sapodilla  is  a  not  imcommon  commercial  fruit 
in  large  fruit  shops. 

Perhaps  no  fruit  of  the  Tropics  is  more  often  discussed  than  the 
mango,  some  persons  being  exceedingly  fond  of  this  juicy  aromatic 
fruit  while  others  are  as  outspoken  in  their  disHke.  There  are 
countless  varieties  of  the  mango,  and  many  of  them  have  a  rank 
turpentine-like  flavor,  and  are  very  fibrous.  These  quaUties  are  not 
apparent,  however,  in  the  best  varieties,  which  are  of  very  delicate 
flavor  and  very  palatable.  The  fruit  is  cooked  in  a  variety  of  ways, 
being  a  staple  article  of  diet  in  the  Tropics,  and  is  also  eaten  fresh.  • 
Some  difficulty  is  experienced  in  shipping  mangoes,  as  the  flesh  is 
very  juicy  and  tender,  but  they  are  occasionally  foimd  in  market  at 
least  as  far  north  as  Washington,  D.  C. 
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Tablb  1. — Average  compontion  offndU  andfrwU  producU. 


Kind  of  fruit. 


FRESH  FRUITS. 


Apples 

Apricots 

Avocado 

Bananas 

Blackberries 

Cactus  fruit 

Cherries 

Cranberries 

Currants 

Currants  (black)  a. 
Figs. 


Refuse. 


Edible  portion. 


Water. 


Per  a. 
25.0 
6.0 
29.0 
35.0 


6.0 


25.0 


30.0 


6  40.0 


J. 


Oooseberriee  o 

Grapes 

Ouavaa 

Huckleberries 

Lemons. 

Loquat 

Mango  a 

Medlar  a 

Mulberry  o 

Mufikmelons 

Nectarines 

OUves 

Oranges 

Peaches. 

Pears 

Persimmons 

Persimmons  (Japanese) 

Pineapples. 

Plums 

Pomegranates I   6  30. 0 

Prunes 5.8 

Raspberries  (red) 

Raspberries  (black) 

Red  bilberry 

Rhubarb  stalks ,      40.0 

Rosellc  calyx ! 

Roselle  pod 

Sapodilla  a ;   6  40. 0 

Scarlet  haws. I      20.0 

Strawberries 5.0 

Surinam  cherry ! 

Watermelons \     59.4 

'Whortleberries 


50.0 
6.6 
17.9 
27.0 
18.0 
10.0 
125.0 
24.0 
40.0 
5.0 


DRIED  FRUITS. 


Apples 

Apricots 

Bananas  a 

Banana  flour. 

Citrons 

Dates 

Fii 


10.0 


Pigs. 


Pears 

Prunes 

Raisins 

Rttsuberrips 

St.  John's  breach , 

Zanto  currants  (English  currants) , 

CANNED  FRUITS,  PRESERVES,  JEL- 
LIES, ETC. 


Crab  apples  (canned) . . 

Apple  sauce 

Apricots  (canned) 

Apricot  sauce 

Blackberries  (canned) . 
Bhieberries  (canned) . . 

Cherries  (canned) 

Cherry  jelly 


15.0 
10.0 


Peret. 
84.6 
85.0 
81.1 
76.3 
86.3 
79.2 
80.9 
88.9 
85.0 
79.0 
79.1 
85.6 
77.4 
82.9 
81.9 
89.3 
77.9 
87.4 
74.6 
84.7 
89.5 
82.9 
67.0 
86.9 
89.4 
80.9 
66.1 
80.2 
89.3 
78.4 
76.8 
79.6 
85.8 
84.1 
89.6 
94.4 
86.5 
84.0 
77.9 
76.8 
90.4 
85.0 
92.4 
82.4 


26.1 
29.4 
29.2 

9.7 
19.0 
15.4 
18.8 
16.5 
22.3 
14.6 

8.1 

M7.3 

17.2 


42.4 
61.1 
81.4 
45.2 
40.0 
85.6 
77.2 
21.0 


a  European  analysis. 
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6  Assumed. 


Pro- 

Ether 

tein. 

ex- 
tract. 

Perct, 

Peret. 

0.4 

0.6 

1.1 

1.0 

10.2 

1.3 

.6 

1.3 

1.0 

1.4 

1.3 

1.0 

.8 

.4 

.6 

1.5 

6.6 

6.3 

1.5 

61.0 

1.3 

1.6 

1.3 

.7 

.6 

.6 

1.0 

.7 

.2 

.6 

.4 

.5 

.3 

.4 

.6 

.6 

2.5 

17.1 

.8 

.2 

.7 

.1 

1.0 

.5 

.8 

.7 

1.4 

.6 

.4 

.3 

1.0 

1.5 

1.6 

.9 

1.0 

1.7 

1.0 

.1 

6.3 

.6 

.7 

2.1 

.3 

1.7 

1.0 

.5 

1.6 

2.0 

.7 

1.0 

.6 

.4 

.4 

.2 

.7 

3.0 

1.6 

2.2 

4.7 

1.0 

5.3 

2.3 

3.1 

.6 

.5 

1.6 

2.1 

2.8 

4.3 

.3 

2.8 

5.4 

2.1 

2.6 

3.3 

7.3 

1.8 

5.7 

l.l 

2.4 

1.7 

.3 

2.4 

.2 

.8 

.9 

1.9 

1.3 

.8 

2.1 

.6 

.6 

1.1 
1.1 

.1 

Carbohydrates. 


3.2 


6.1 


e  Including  3.6  per  cent  i 
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Table  1. — Average  composition  of  fruits  and  fruit  products — Continued. 


Kind  of  fruit. 


CANNED  FRUITS,  PRESEBVES,5J EL- 
LIES,  ETC.— continued. 


Figs,  stewed 

Grape  butter 

Olives,  green,  pickled 

Olives,  ripe,  pickled 

Orange  marmalade 

Peaches  (canned 

Pears  (canned) 

Pineapples  (canned) 

Prunes,  stewed 

Strawberries,  stewed 

Angelica  stalks  (candied) . 

Apricots  (candied) 

Cnerrles  (candied) 

Citron  (candied) 

Ginger  root  (candied) 


Refuse. 


Perct. 


27.0 
19.0 


FEUIT  PRODUCTS. 


OUveoil 

Raspberry  juice 

Unfermented  grape  juice. 


OTHER  FOODS  FOR  COMPARISON. 


Cabbage 

Potatoes 

Wheat  flour,  high  grade. 

Com  meal,  bolted 

White  bread 

Beans,  dried 

Honey 

Sugar,  granulated 

Butter 


16.0 
20.0 


Edible  portion. 


Water. 


Perct. 
66.5 
36.7 
68.0 
64.7 
14.5 
88.1 
81.1 
61.8 
76.6 
74.8 
10.4 
14.4 
12.1 
18.2 
12.3 


49.3 
92.«2 


91.5 
78.3 
12.0 
12.5 
35.3 
12.6 
18.2 


11.0 


Pro- 
tein. 


Perct. 
1.2 
1.2 
1.1 
1.7 
.6 
.7 
.3 
.4 
.5 
.7 
.1 
.7 
.6 
.1 
.3 


i.a 

2.2 
11.4 
9.2 
9.2 
22.6 
.4 


1.0 


Ether 

ex- 
tract. 


Perct. 

0.3 

.1 

27.6 

26.9 

.1 

.1 

.3 

.7 

.1 


Carbohydrates. 


Nitro- 
gen- 
free  ex- 
tract. 


Crude 
fiber. 


Perct.  Perct. 
40.9 
68.6 
11.6 
4.3 
84.5 
10.8 
18.0 
36.4 
22.3 
24.0 
87.3 


83.0 
86.1 
77.6 
86.1 


100.0 

i  »49.9 

b.5  6.9 


.3 
.1 
1.0 
1.9 
1.3 
1.8 


86.0 


4.6 
18.0 
74.8 
74.4 
82.6 
66.2 
81.2 
100.0 


1.1 
.4 
.3 

1.0 
.6 

4.4 


Ash. 


Perct. 

1.1 

3.6 

1.7 

3.4 

.3 

.3 

.3 

.7 

.6 

.6 


3.0 
.4 


1.0 
1.0 

.6 
1.0 

.6 
3.6 

.2 


3.0 


Fuel 

value 

per 

pound. 


Calories. 

786 

1,116 

1,400 

1,206 

1,686 

220 

365 

716 

430 

460 

1,650 

1,445 

1,466 

1,380 

1,620 


4,036 
935 
150 


146 
385 
1,650 
1,666 
1,216 
1,605 
1,520 
1,860 
3,606 


o  Probably  contained  added  sugar. 


b  European  analysis. 


Most  fruits,  like  other  classes  of  foods,  contain  more  or  less  mate- 
rial, such  as  pits,  skin,  etc.,  which  is  inedible.  When  such  portions 
are  removed  a  larger  or  smaller  part  of  the  edible  material  is  almost 
always  of  necessity  removed  also,  and  is  spoken  of  as  ** waste."  In 
reporting  analyses  the  amounts  of  inedible  material  and  waste  are 
grouped  together  under  the  heading  ^'refuse.''  As  may  be  seen  from 
the  above  table,  the  proportion  of  refuse  in  fruits  varies  within  rather 
wide  limits.  Thus,  of  pears  it  constitutes  on  an  average  10  per  cent 
of  the  total  fruit,  peaches  18  per  cent,  apples  and  grapes  25  per  cent, 
and  bananas  35  per  cent,  while  in  the  case  of  raspberries  and  black- 
berries there  is  no  refuse  and  the  whole  fruit  can  be  eaten.  The  com- 
position of  some  fresh  and  dried  fruits  is  shown  graphically  in  figure  1. 

The  analytical  data  quoted  above  show  that  fresh  fruits  are  in  gen- 
eral dilute  foods — that  is,  the  proportion  of  water  which  they  contain 
is  large,  compared  with  the  total  amount  of  nutritive  material.  It  has 
been  suggested  that  fruits  containing  80  per  cent  or  more  of  water  be 
classed  as  flavor  fruits  and  those  with  less  than  80  per  cent  as  food 
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fruits.  As  may  be  seen  from  the  table  (p.  14),  such  fruits  as  straw- 
berries, blackberries,  and  raspberries  would  be  included  in  the  first 
class,  and  fresh  figs,  bananas,  grapes,  etc.,  in  the  second.  In  dried 
fruits  which  have  been  concentrated  by  evaporation  the  percentage 


refuse: 

25<fo 


ED/BLE 
PORT/ON* 


a 


P£RC£N7?iGE  COMPO* 
Srr/Of^  OTBDfBLE: 

,0.5 ¥>  f^r 


/OO.OJ^  7T77S4L 


REFUSE   \ 
>3S^o 


ED/BLE  PORT/ON  i 


EDfBLE  PORTION  i 
/OO'^o 


POPT/ON 

€8.0  9^  mrroegNfnargxmier 


foo.oyo  roTHL 


Fig.  1.— Composition  of  applo  (a),  banana  (5),  and  dried  fig  (c). 

of  nutrients  is  very  much  higher  than  in  fresh  fruits.  Some  preserved 
fruits  also  possess  a  comparatively  high  nutritive  value,  owing  to 
the  evaporation  of  water  by  the  heat  of  cooking  or  to  the  addition  of 
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sugar,  or  to  both  factoid.  Candied  fniits^  such  as  cherries  and 
apricots,  which  are  inchided  in  the  table,  may  be  looked  upon  as 
typical  examples  of  this  class  of  fruit  products.  As  regards  com- 
position, the  water  content  is  low  and  the  carbohydrates  and  conse- 
quently the  energy  value  is  very  high,  owing  to  the  added  sugar. 

Olives  and  the  avocado  are  remarkable  for  the  large  percentage  of 
fat  which  they  contain,  but  in  general  it  may  be  said  that  this  con- 
stituent is  present  in  very  small  proportion  in  fresh  fruits.  In  the 
case  of  the  apple,  pear,  etc.,  it  seems  probable  that  the  small  amount 
of  fat  obtained  in  chemical  analysis  consists  of  the  coloring  matter 
contained  in  the  fruit  or  of  wax  found  in  the  skin.  That  the  amount 
of  wax  may  be  considerable  is  evident  when  we  recall  the  fact  that 
fruit  wax  is  collected  from  bay  berries  and  other  fruits  in  quantities 
sufficient  for  candle  making  and  other  purposes.  That  common 
fruits  actually  contain  fat,  though  it  is  not  generally  associated 
with  them,  is  shown  by  a  recently  published  study  of  the  fat  of 
woods  strawberries.  The  dried  berries  when  extracted  yielded  a 
small  amount  of  oil,  cloudy  at  ordinary  temperatures,  but  clear 
when  heated,  and  much  like  linseed  oil  in  its  properties. 

In  the  majority  of  fruits  and  fruit  products  the  carbohydrates  are 
the  food  constituents  most  abundantly  represented.  The  figures  in 
tlie  table  show  that  the  proportion  of  nitrogen-free  extract  varies 
ojeatly,  being  lowest  in  the  fresh  and  highest  in  the  dried  and  pre- 
served fruits.  It  is  interesting  to  consider  also  the  values  which 
have  been  reported  for  some  of  the  constituents  not  shown  in  the 
table,  but  included  in  the  group  **  nitrogen-free  extract."  In  seeds 
which  are  commonly  eaten,  such  as  the  cereal  grains,  and  beans,  peas, 
and  other  legumes,  the  nitrogen-free  extract  is  qiiite  largely  made 
up  of  starches.  In  fruits,  however,  sugars  and  the  so-called  pectin 
bodies,  with  very  often  more  or  less  starch,  make  up  the  group. 
The  principal  sugars  in  fruit  are  cane  sugar,  grape  sugar  (glucose), 
and  fruit  sugar  (levulose),  the  last  two  being  usually  present  together 
in  equal  quantity  and  designated  invert  sugar  or  reducing  sugar. 
The  stage  of  growth  and  the  degree  of  ripeness  have  a  very  marked 
effect  on  the  kind  and  amoimt  of  sugar,  and  it  is  therefore  difficult 
to  give  average  figures  for  the  quantities  present  which  will  be  fairly 
representative.  An  idea  of  the  range  in  the  sugar  content  of  ripe 
fruits  may  be  gathered  from  figures  quoted  from  a  summary* 
published  several  years  ago.  According  to  these  data,  invert  sugar 
ranged  from  2  per  cent  in  round  numbers  in  large  early  apricots  to 
15  per  cent  in  gra{>es  and  a  variety  of  sweet  cherries.  A  number  of 
fruits  (strawberries,  gooseberries,  raspberries,  and  apples)  contained 

«T.ippman:  Ohemie  der  Zuckerarten,  1895,  3d  ed.,  pp.  493,  591;  1904,  4th  ed., 
pp.  200,  794. 
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about  half  the  latter  quantity.  The  cane  sugar  ranged  from  less  than 
1  per  cent  in  lemons  to  14  per  cent  in  a  variety  of  plums.  Bananas 
also  contained  a  fairly  high  percentage,  namely,  11  per  cent. 

Fruit  sugar  rarely  occurs  unaccompanied  by  grape  sugar,  but  has 
been  thus  reported  in  the  mango  and  in  amoimts  large  in  proportion 
to  the  grape  sugar  in  sweet  apples  and  sweet  pears  and  a  number  of 
varieties  of  grapes.  In  the  case  of  grape  sugar  large  amounts — 18  to 
30  per  cent — have  been  reported  in  juice  of  different  sorts  of  grapes, 
while  in  dried  fruits  the  values  are  even  higher,  32  per  cent  having 
been  found  in  prunes,  54  per  cent  in  Zante  or  "English"  currants, 
which  are  of  course  a  small  seedless  grape,  61  per  cent  in  raisins,  48 
per  cent  in  figs,  and  66  per  cent  in  dates. 

The  acid  in  fruits,  which  in  proximate  analyses  is  not  usually  deter- 
mined separately,  varies  within  rather  wide  limits,  1  to  2  per  cent 
being  reported  on  an  average  in  such  fruits  as  apples,  pears,  plums, 
strawberries,  etc.,  and  as  high  as  7  per  cent  or  more  in  lemon  juice. 
It  often  happens  that  of  two  fruits  with  the  same  acid  content  one 
has  a  much  sourer  taste  than  the  other,  because  the  acid  is  not  so 
much  masked  by  sugar. 

Fruits  contain  a  comparatively  small  amount  of  mineral  matter — 
less  than  1  per  cent  on  an  average  —  consisting  quite  largely  of  potas- 
siiun  salts,  with  a  little  phosphoric  acid,  iron,  lime,  etc. 

As  a  class,  it  is  apparent  that  fresh  fruits  are  directly  comparable 
with  green  vegetables  and  root  crops  rather  than  with  more  con- 
centrated foods,  such  as  flour  or  meal.  The  dried  and  some  of  the 
preserved  fruits,  which  are  more  concentrated  than  the  fresh,  compare 
favorably  with  bread,  dried  beans,  and  similar  foods  on  the  basis  of 
total  food  material  present.  There  is  this  difference,  however,  that 
the  cereals  and  dried  legumes  contain  fairly  large  proportions  of  pro- 
tein, while  the  quantity  present  in  fruits  is  always  small.  In  other 
words,  fruits — fresh,  dried,  and  preserved — are  sources  of  enei^ 
rather  than  of  tissue-forming  material. 

Grape  juice  ami  other  freshly  expressed  juices  are  pleasant  and 
wholesome  beverages.  They  are  commonly  preserved  for  winter  use 
at  home  as  well  as  on  a  commercial  scale  by.  sterilizing  in  bottles. 
The  fruit  juices  are  dilute  foods,  as  the  figures  given  for  grape  juice 
in  Table  1  indicate.  Fruit  sirups  made  by  adding  sugar  to  the  juice 
are  extensively  used  in  the  household  and  in  other  ways.  The  food 
value  of  such  articles  is,  of  course,  considerably  increased  by  the  sugar 
which  they  contain. 

In  connection  wdth  the  subject  of  fruit  juices  and  sirups,  it  may  be 
of  interest  to  mention  the  Turkish  preparation,  which  is  made  by 
evaporating  grape  juice  until  it  is  of  the  consistency  of  molasses,  then 
thickening  with  flour  or  starch,  and  spreading  it  out  to  dry  in  the  sun 
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in  tliin  sheets.  This  product  is  not  unHke  the  peach  leather,  which 
is  an  old-fashioned  domestic  product  still  made  to  some  extent  in 
much  the  same  way  in  the  southern  United  States  by  drying  crushed 
peach  pulp  on  platters  in  an  oven.  Plum  leather  is  also  some- 
times made  in  the  same  way.  After  soaking  in  water  for  some 
hours  peach  leather  is  ready  for  use  on  the  table  or  for  making 
puddings,  etc.  Another  Turkish  preparation  called  sujuk  or  rojik  is 
made  by  stringing  walnuts  on  pieces  of  stout  t\vine  about  a 
yard  long  and  immersing  them  in  a  mixture  •of  grape  molasses  and 
flour.  After  receiving  a  coating  about  one-fourth  of  an  inch  thick 
they  are  withdrawn  and  hung  up  to  dry,  and  may  then  be  preserved 
in  jars  in  good  condition  for  a  few  months.  Sujuk  is  said  to  be  an 
excellent  article  of  food  and  palatable.  Sometimes  wheat  grits  are 
used  to  thicken  the  grape  sirup,  and  the  nut  and  sirup  mixture  is 
made  in  the  form  of  cakes  about  one-half  an  inch  thick  when  dried. 
/Vinegar  which  contains  about  3  per  cent  of  extractive  material 
and  0.5  per  cent  ash,  in  addition  to  6  per  cent  acetic  acid  and  over 
00  per  cent  water,  is  one  of  the  oldest  fruit  products  and  also  one  of 
the  oldest  and  most  common  condiments  and  household  preservatives. 
It  owes  its  use  in  the  diet  to  flavor  and  other  qualities  rather  than 
to  the  very  small  amount  of  nutritive  material  which  it  may  contain. 
Honey  \anegar,"  malt  vinegar,  etc.,  are  well  known,  but  vinegar  made 
from  fruit  juice  is  far  more  common.  By  fermentation  the  sugar  in 
the  original  material  is  converted  into  acetic  acid,  and  to  this  the 
vinegar  largely  owes  its  flavor,  though  the  salts  and  other  materials 
originally  present  in  the  fruit  juice  have  an  effect  upon  this  quality. 
Vinegar  made  from  apple  juice — that,  is  cider  vinegar* — has  always 
had  a  reputation  for  good  quality,  though  other  fruit  juices  are  of 
considerable  importance  in  domestic  vinegar  making,  banana  vinegar 
being  one  of  the  sorts  which  is  rather  favorably  known  in  regions 
where  this  fruit  is  grown.  The  acid  juice  of  lemons  and  limes  is  used 
like  vinegar  as  a  condiment,  and  many  persons  consider  that  lemon 
juice  is  more  delicate.  It  is  sometimes  claimed  that  it  is  more  whole- 
gome  also,  but  this  seems  hardly  more  than  a  matter  of  opinion,  as 
there  is  no  reason  to  suppose  that  the  small  amounts  of  vinegar  ordi- 
narily used  are  in  any  way  harmful. 

Verjuice,  the  expressed  acid  juice  of  green  apples,  crab  apples,  or 
other  unripe  fruit,  was  formerly  used  as  a  condiment  and  was  greatly 
prized.  It  has  survived  in  modem  cookery  in  a  Umited  way  and  may 
occasionally  serve  a  useful  purpose  when  lemon  juice  is  not  readily 
obtainable. 

«For  description  and  method  of  making,  see  U.  S.  Dept.  Agr.,  Farmers*  Bnl.  276. 
&  Vinegar  making  and  related  questions  are  taken  up  in  U.  S.  Dept.  Agr.,  Farmers' 
Bui.  233. 
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EIPIHISa  AMJy  m  EPEECT  OH  CO1EP06ITX0H. 

As  fruits  grow  to  their  full  size  and  ripen  they  undergo  marked 
changes  in  chemical  composition  with  respect  both  to  the  total  and 
to  the  relative  amount  of  the  different  chemical  bodies  present. 
When  stored  after  gathering,  the  changes  continue,  some  fruits 
improving  on  storage  and  others  deteriorating  very  rapidly.  In  gen- 
eral, ripe  fruits  are  less  acid  than  green  and  contain  less  starchy 
woody  material,  crude  §ber,  and  the  carbohydrates  conmionly  rrferred 
to  as  pectin  bodies  (see  p.  29),  and  correspondingly  larger  amounts  ol 
the  different  sugars. 

Fruits  contain  oxydases  and  other  ferments,  and  these  are  believed 
to  play  a  very  important  part  in  the  chemical  changes  which  accom- 
pany growth  and  maturity.  Many  diverse  views  have  been  expressed 
regarding  the  exact  nature  and  extent  of  the  processes  involved  and 
the  compounds  formed  in  ripening  fruit.  The  question  as  a  whole 
has  been  a  favorite  one  with  chemists,  and  the  agricultural  experiment 
stations  have  made  a  number  of  important  contributions  to  the  sub- 
ject. One  of  the  most  recent  and  valuable  contributions,  both  from 
a  bibliographical  and  from  a  chemical  standpoint,  is  the  series  of 
investigations  published  by  Bigelow  °  and  his  associates,  of  the 
Bureau  of  Chemistry  of  the  Department  of  Agriculture,  on  the  ripen- 
ing of  winter  and  summer  Apples  and  of  peaches.  With  winter  apples 
it  was  found  that  the  starch  increases  from  early  summer  until  the 
maximum  is  reached  in  midsummer  and  then  decreases  and  finally 
disappears.  The  maUc  acid  content  decreases  from  early  summer 
until  maturity,  while  cane  sugar  and  invert  sugar  increases. 

In  the  case  of  peaches,  as  the  fruit  develops  from  early  summer  to 
ripeness  the  proportion  of  flesh  increases  and  the  pit  decreases. 
During  this  period  the  weight  of  reducing  sugars  increases  about 
eight,  times  and  that  of  cane  sugar  or  sucrose  and  acids  con^ideiv 
ably  more  than  this.  An  increase  is  also  noted  with  the  various 
forms  of  nitrogenous  substances.  Throughout  the  whole  period  of 
growth  the  proportion  of  solids  to  water  in  the  flesh  of  the  peacti 
remains  fairly  constant.  The  pit,  on  the  other  hand,  becomes  hard^ 
and  the  percentage  of  water  in  it  decreases  as  growth  progresses.  It 
is  interesting  to  note  that  throughout  the  whole  period  of  growth 
no  appreciable  amount  of  starch  is  found  in  the  peach.  Between 
the  condition  known  as  market  ripeness  and  full  ripeness  consid- 
erable growth  takes  place  in  the  peach,  there  being  an  increase  in 
both  water  and  solid  matter  and  in  reducing  sugar  and  cane  sugar. 
A  German  investigator  ^  found  that  when  black  currants  were  picked 
when  slightly  green  and  kept  for  a  few  days  there  wbs  an  increase 

a  U.  S.  Dept.  Agr.,  Bureau  of  Chemistry  Buls.  94  and  97. 
b  Landw.  Jahrb.  Schweiz.,  19  (1905),  p.  600. 
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in  sugar  and  a  decrease  in  the  acid  content.  The  flanges  wliich 
take  place  in  gooseberries  do  not  appear  to  be  of  the  same  character. 
Picked  when  green,  they  contain  3'.9  per  cent  sugar  and  27.2  per  cent 
acid.  When  stored  at  a  cool  temperature  for  six  days  they  had 
taken  on  the  dark  color  of  ripe  berries  and  contained  somewhat 
smaller  proportions  of  both  sugar  an4  acid. 

A  knowledge  of  the  changes  which  accompany  the  growth,  ripening, 
and  storage  of  fruits  is  very  important  commercially  as  well  as  from 
the  housekeeper's  standpoint.  For  instance,  in  cider  making-  it  is 
desirable  that  the  fruit  should  be  used  when  the  sugar  content  is  high, 
as  the  quality  of  cider  and  vinegar  is  largely  determined  by  the  amount 
of  sugar  present.  As  every  housewife  knows,  underripe  fruit — that 
is,  fruit  which  still  contains  the  so-called  pectin  bodies  rather  than  the 
sugars  and  other  carbohydrates  characteristic  of  fully  ripened  fruit — 
is  the  most  satisfactory  for  jelly  making.  (See  p.  29.)  In  the  case  of 
bananas  the  underripe  fruit,  rich  in  starch,  is  best  for  cooking,  and 
the  very  ripe  fruit,  in  which  the  starch  has  been  changed  into  sugar, 
for  use  uncooked.  It  is  not  unlikely  that  failure  to  recognize  this 
distinction  is  responsible  for  the  digestive  disturbance  which  many 
persons  experience  when  bananaj^  are  eaten,  as  the  raw,  underripe, 
starchy  fruits  are  generally  conceded  to  be  difficult  of  digestion.  The 
underripe  bananas,  when  dried,  sliced,  and  ground,  yield  a  flour  or 
meal  rich  in  starch,  while  the  riper  fruit  witK  the  higher  sugar  content, 
sliced  and  dried,  is  very  sweet  and  not  unlike  ^s  in  flavor  and 
composition. 

WAYS  OF  8EEVIHG  FEUIT. 

As  regards  the  way  in  which  they  are  served  fruits  range  from  the 
muskmelon,  watermelon,  and  avocado,  almost  never  cooked,  to 
cranberries  and  the  ordinary  varieties  of  quince,  which  are  not  eaten 
raw.  The  methods  of  preparation  are  quite  varied,  including  drying 
or  evaporating,  and  baking,  boiling,  and  stewing,  while  quantities  of 
fruit  are  used  in  puddings,  pies,  and  other  dishes,  and  for  the  prepa- 
ration of  jams,  jellies,  and  preserves.  Fruit  juices  are  used  for  bever- 
ages, and  both  fruits  and  the  juices  are  very  commonly  prepared  for 
the  table  by  freezing,  fruit  ices  being  considered  as  among  the  most 
appetizing  desserts.  Some  fruits,  notably  the  green  and  the  ripe 
olive  and  less  generally  the  lime,  are  prepared  for  the  table  by  pickling 
in  brine. 

Even  a  casual  examination  of  cookery  books  and  the  periodical 
literature  devoted  to  such  topics  shows  that  the  ways  in  which  fruits 
and  fruit  products  can  be  cooked  and  served  are  practieally  endless. 
The  housewife  who  desires  to  vary  her  menu  by  tb^  use  of  more  fruit 
and  fruit  dishes  can  do  so  very  readily  by  consuhing^  such  sources  of 
information. 
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The  temperature  at  which  fresh  fruits  are  eaten  is  largely  a  matter 
of  fashion  or  individual  taste.  With  the  increased  use  of  ice  in  our 
homes  during  recent  years  it  has  become  a  very  common  custom  to 
serve  fruits  colder  than  was  formerly  the  case.  Cool  or  even  cold 
fruits  are  very  refreshing  and  many  prefer  them  served  thus.  There 
are  others,  however,  who  maintain  that  overchilling  lessens  the 
delicate  flavor  and  accentuates  the  acid  taste.  They  insist  that  the 
fruits  gathered  in  the  cool  of  the  day  and  stored  in  a  cool  but  not  a 
cold  place  are  at  their  best.  Still  others  find  them  sweetest  and  most 
palatable  when  brought  from  the  garden  warmed  by  the  sun. 

PLACE  OF  FEUIT  IN  THE  DIET. 

In  most  families  fruits  are  commonly  thought  of  as  a  food  accessory, 
and  are  prized  for  their  pleasant  flavor  or  for  supposed  hygienic 
reasons  rather  than  for  their  food  value;  yet  a  study  of  available 
figures  shows  that  they  constitute  a  by  no  means  unimportant  part  of 
the  diet,  since  they  supply,  on  the  basis  of  recent  statistics,  4.4  per 
cent  of  the  total  food  and  3.7  per  cent  of  the  total  carbohydrates  of  the 
average  American  diet  (see  also  p.  36).  With  a  view  to  learning 
something  more  definite  regarding  the  possibilities  of  fruits  as  sources 
of  nutrients,  the  relative  cost  of  nutrients  supplied  by  fruits  and  other 
foods,  the  digestibility  of  a  fruit  diet  as  compared  with  an  ordinary 
mixed  diet,  and  related  questions,  extended  investigations  were  under- 
taken at  the  California  Agricultural  Experiment  Station  by  Prof. 
M.  E.  Jaffa,  the  work  as  a  whole  being  carried  on  in  cooperation  with 
the  nutrition  investigations  of  the  Office  of  Experiment  Stations.  In 
the  first  series  reported  six  dietary  studies  were  made  with  fruita- 
rians— two  women  and  four  children  who  had  lived  on  a  fruit  and  nut 
diet  for  several  years.  The  dietary  studies  covered  from  twenty  to 
twenty-eight  days,  and  the  daily  food  consisted  of  different  combina- 
tions of  fruits  and  nuts,  of  which  the  following  day^s  ration  may  serve 
as  a  sample:  475  grams  apples,  110  grams  bananas,  850  grams 
oranges,  5  grams  dates,  2  grams  honey,  10  grams  olive  oil,  55  grams 
almonds,  70  grams  pine  nuts,  and  50  grams  walnuts. 

The  later  studies  were  made  with  one  of  the  women  and  two  of  the 
children  included  in  the  first  group,  and  in  addition  with  two  elderly 
men  who  had  been  vegetarians  for  years  and  had  limited  their  diet 
almost  exclusively  to  fruits  and  nuts,  and  with  two  yoimg  men,  uni- 
versity students,  who  were  accustomed  to  the  ordinary  diet,  though 
one  of  them  had  experimented  with  a  vegetarian  and  fruitarian  diet 
for  some  time.  The  students  and  one  of  the  elderly  men  ate  three 
meals  a  day  at  the  usual  hours.  The  others  ate  but  twice,  the  first 
meal  being  taken  between  10  and  11  o'clock  in  the  morning  and  the 
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second  between  5  and  6  o'clock  in  the  afternoon.  As  before,  the  diet 
included  a  large  assortment  of  fresh  fruits,  with  considerable  quantities 
of  dried  fruits  and  nuts,  and  some  honey  and  olive  oil.  In  a  few  cases 
small  quantities  of  other  foods  were  also  eaten. 

Considering  these  studies  as  a  whole,  the  diet  of  the  women  and 
children  furnished  from  32  to  43  grams  of  protein  and  1,190  to  1,430 
calories  of  energy  per  day,  the  cost  ranging  from  15.7  to  27.5  cents. 
It  is  the  usual  custom  to  discuss  dietary  studies  on  the  basis  of  the 
amounts  eaten  per  man  per  day,  and  the  results  obtained  with  these 
women  and  children,  when  recalculated  to  this  basis,  showed  a  range 
of  47  to  80  grams  of  protein  and  1,850  to  2,805  calories  of  energy,  the 
cost  of  the  daily  food  ranging  from  21  to  55  cents  per  man  per  day. 
In  the  studies  with  the  young  and  the  old  men  the  protein  supplied 
by  the  daily  diet  ranged  from  40  to  85  grams  and  the  energy  from 
1,712  to  3,305  calories,  the  average  being  62  grams  protein  and  2,493 
calories,  the  cost  ranging  from  18.1  to  47  cents  per  person  per  day. 
These  amounts  are  considerably  smaller  than  have  been  found  on  an 
average  with  families  living  in  many  different  regions  of  the  United 
States  and  under  a  variety  of  conditions,  as  is  shown  by  the  fact  that 
with  52  families  in  comfortable  circumstances  the  average,  protein 
in  the  daily  diet  was  103  grams  and  the  average  energy  3,500  calories. 
On  the  other  hand,  in  many  of  the  dietary  studies  made  under  the 
auspices  of  the  OflSce  of  Experiment  Stations  it  has  been  found  that 
persons  living  on  a  mixed  diet  have  obtained  amounts  directly  com- 
parable with  those  supplied  by  the  fruitarian  diet.  Thus,  at  the 
North  Dakota  Agricultural  College  several  years  ago  a  dietary  study 
showed  that  the  food  consumed  per  man  per  day  by  a  group  of  stu- 
dents furnished  64  grams  protein  and  2,579  calories  and  at  Lake 
Erie  College  68  grams  protein  and  2,610  calories,  calculated  on  a 
uniform  basis  per  man  per  day. 

In  a  recent  investigation  carried  on  at  Harvard  it  was  found  that 
the  diet  of  nine  students  who  lived  at  the  college  commons  and,  from 
necessity  or  choice,  endeavored  to  live  cheaply  supplied,  on  an  aver- 
age, 89  grams  protein  and  3,068  calories.  In  this  case  the  average 
cost  was  39.9  cents  per  day  and  at  the  North  Dakota  and  the  Lake 
Erie  colleges  13  and  18  cents,  respectively.  It  will  thus  be  seeni 
that  in  the  California  investigations  the  fruit  and  nut  diet  supplied 
the  subjects  with  amounts  of  protein  and  energy  which  are  directly 
comparable  with  those  obtained  by  many  other  persons  from  a  mixed 
diet,  though  hi  general  the  quantities  were  smaller  than  are  supplied 
by  the  diet  of  the  average  family.  It  should  be  said  that  the  persons 
living  on  a  fruit  and  nut  diet  apparently  maintained  their  normal 
health  and  strength,  and  it  is  only  fair  to  conclude  that  if,  for  any 
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reason,  such  a  course  seems  desirable  it  is  perfeellj  pcemhle  to  seiecrt 
a  diet  made  up  of  fruits  and  nuts  which,  for  long  period?  at  any  rate, 
will  supply  the  body  with  the  requisite  protein  and  energy,  as  was 
shown  by  a  detailed  study  of  the  results  of  the  Cafifonna  experi- 
ments. In  such  a  diet  nuts  were  the  principal  so^oroes  of  protein 
and  nuts,  olires,  or  the  expressed  olive  oil  the  chi^  source  of  fat, 
while  fruits,  fresh  and  dried,  supplied  the  bulk  (rf  the  carbohydrates. 

As  regards  cost,  it  will  be  seen  that  there  was  a  conskterabje  range 
with  the  fruitarian  diet,  the  amount  expended  per  person  per  day 
being  in  some  cases  quite  low  and  in  others  quite  hi^.  On  the  whole,- 
the  range  did  not  differ  greatly  from  that  obserred  in  many  instances 
on  an  ordinary  mixed  diet. 

It  would  seem  from  the  recorded  data  that  it  is  more  difficult  fcwr  the 
subjects  to  obtain  the  requisite  amount  of  protein  when  on  a  limited 
diet  of  one  kind  of  nut  combined  with  fruits  than  it  is  when  they  are 
unrestricted  and  eat  a  variety  of  both  fruits  and  nuts.  In  nearly  all 
cases  where  the  diet  was  limited  to  combinations  of  one  or  two  fruits 
with  one  kind  of  nuts  the  subjects  complained  of  a  constant  craving  for 
some  other  food,  such  as  green  vegetables  or  cereals,  and  in  these  cases 
it  wag  found  that  the  coefficients  of  digestibility  were  lower  than  in 
those  tests  in  which  some  vegetable  or  cereal  was  eaten,  which  made 
the  diet  more  appetizing.  The  addition  of  a  small  amount  of  some 
cereal  food  to  the  diet  markedly  increased  its  protein  and  energy  value. 

It  would  be  going  too  far  to  conclude  on  the  basis  ol  the  Califomia 
investigations  that  a  fruitarian  diet  in  general  is  equal  or  superior  to 
the  ordinary  diet,  and  indeed  the  study  of  this  question  was  not  a  part 
of  the  investigation.  Before  such  a  conclusion  could  be  drawn  it 
would  be  necessary  to  make  investigations  extending  over  a  kmg 
period  of  years  and  with  a  variety  of  subjects,  and  which  would  take 
into  account  resistance  to  disease  and  other  unfavorable  conditions, 
bo<ly  development,  the  health  and  condition  of  the  offspring  of  per- 
sons living  for  years  on  such  a  diet,  and  other  similar  questions.  It 
seems  fair  to  say,  however,  that  at  the  present  time  the  consensus  erf 
opinion  of  well-informed  physiologists  is  that  the  ordinary  mixed  diet 
is  most  convenient  and  satisfactory  for  the  average  individual.  It  is 
equally  clear  from  the  investigations  reported  that  fruits  and  nuts 
shouhl  not  be  looked  upon  simply  as  food  accessories,  but  should  be 
considered  a  fairly  economical  source  of  nutritive  material.  It  must 
be  remembered,  too,  that  the  use  of  fruits,  fresh  and  preserved,  often 
makes  palatable  an  otherwise  rather  tasteless  meal.  Jam  with  our 
bread  is  a  reasonable  combination,  the  highly  flavored  fruit  product 
whetting  the  appetite  for  the  needed  quantity  of  rather  flavorless 
bread. 
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DIGE8TIBILITT  OF  FBTTIT. 

In  addition  to  the  dietary  studies,  a  large  number  of  digestion 
experiments  were  made  at  the  California  Experiment  Station  for  the 
purpose  of  learning  how  thoroughly  a  diet  made  up  of  various  combi- 
nations of  fruits  and  nuts  was  assimilated.  In  such  an  experiment 
covering  10  days,  made  with  a  child  7  years  old,  on  an  average  82  per 
cent  of  the  protein,  87  per  cent  of  the  fat,  96  per  cent  of  the  nitrogen- 
free  extract  (sugar,  starches,  etc.),  80  per  cent  of  the  crude  fiber,  and  54 
per  cent  of  the  ash  of  the  food  eaten  were  digested,  and  87  per  cent  of 
the  energy  of  the  diet  was  available  to  the  body.  In  30  experiments 
with  men,  75  per  cent  of  the  protein,  86  per  cent  of  the  fat,  95  per  cent 
of  the  nitrogen-free  extract,  79  per  cent  of  the  crude  fiber,  and  55  per 
cent  of  the  ash  of  the  fruit  and  nut  diet  were  digested,  and  86  per  cent 
of  the  energy  was  available.  These  values  are  comparable  with  those 
obtained  from  an  ordinary  mixed  diet,  as  is  shown  by  the  fact  that  in 
93  experiments  with  young  men  93  per  cent  of  the  protein,  95  per 
cent  of  the  fat,  and  98  per  cent  of  the  total  carbohydrates  suppUed 
were  assimilated.  The  average  coefficients  of  digestibility  which  have 
been  calculated  for  fruits  in  connection  with  the  nutrition  inve^tiga- 
tions  carried  on  under  the  auspices  of  the  Office  of  Experiment  Sta- 
tions are  protein  85  per  cent,  fat  90  per  cent,  and  carbohydrates  90 
per  cent,  and  those  for  fresh  vegetables,  protein  83  per  cent,  fat  90  per 
cent,  and  carbohydrates  95  per  cent. 

The  feces  excreted  per  person  per  day  on  the  fruit  and  nut  diet  in 
the  California  experiments  were  less  in  amount  than  has  been  the  case 
in  some  experiments  with  a  mixed  diet  or  a  ration  of  bread  and  milk. 
This  is  contrary  to  what  has  been  commonly  found  with  a  vegetarian 
diet  made  up  of  bread  and  other  cereal  foods,  garden  vegetables,  etc., 
and  containing  little  if  any  fruit  or  nuts.  The  percentage  of  so-called 
metabolic  nitrogen  in  the  feces  from  the  fruit  and  nut  diet  did  not 
exceed  that  reported  by  other  investigators  in  tests  with  a  bread  and 
milk  diet.  In  other  words,  if  the  amount  of  metabolic  products  can 
be  looked  upon  as  a  measure  of  the  work  of  digestion,  no  more  effort 
is  required  to  digest  the  fruit  and  nuts  than  is  needed  for  bread  and 
milk.  Although,  as  Professor  Jaffa  points  out,  it  is  undoubtedly 
advisable  to  wait  until  more  data  have  been  obtained  before  making 
definite  statements  regarding  the  digestibility  of  fruits  and  nuts, 
enough  has  been  done  to  show  that  they  are  almost  completely  digested 
and  have  a  higher  nutritive  value  than  is  popularly  attributed  to  them. 
In  view  of  this  it  is  certainly  an  error  to  regard  fruit  as  something  of 
value  only  for  its  pleasant  flavor  or  for  its  hygienic  or  medicinal  prop- 
erties, or  to  consider  nuts  simply  as  an  accessory  to  an  already  hearty 
meal.     As  shown  by  the  composition  and  digestibility  of  both  fruit 
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and  nuts,  they  can  be  favorably  compared  with  other  and  more 
common  food. 

So  far  as  can  be  learned,  comparatively  few  investigations  have 
been  made  to  ascertain  the  digestibility  of  particular  fruits,  raw  or 
cooked.  In  a  series  of  investigations  by  Bryant  and  Milner  the  diges- 
tibiUty  of  apple  sauce  was  determined  when  eaten  with  a  simple  basal 
ration.  The  coeflScients  of  digestibility  for  apple  sauce  alone  were 
calculated  in  the  usual  way  and  were,  protein  28  per  cent,  nitrogen- 
free  extract  99.6  per  cent,  crude  fiber  96  per  cent,  and  ash  100  per 
cent,  while  all  the  energy  supplied  by  the  apple  sauce  was  considered 
to  be  available  to  the  body.  The  coefficient  of  digestibility  of  pro- 
tein is  low,  but,  as  the  authors  pointed  out,  the  total  amount  of  this 
constituent  present  was  so  small  that  it  may  be  disregarded.  This 
investigation,  like  those  at  the  California  Experiment  Station,  indi- 
cates that  the  fruit  carbohydrates  (sugar,  starches,  etc.),  that  is,  the 
principal  nutritive  materials  which  fruits  supply,  are  very  thoroughly 
assimilated. 

Few  studies  seem  to  have  been  made  to  determine  the  ease  or  rapid- 
ity of  digestion  of  different  fruits  in  the  stomach,  but  a  comparison  of 
available  data  indicates  that  fruits  compare  favorably  with  other 
common  foods  as  regards  stomach  digestion.'  Apparently  it  is  fair  to 
say  that  stomach  digestion  is  influenced  by  the  nature  of  the  fruit  and 
its  stage  of  ripeness.  Beaimiont  states  that  mellow  sour  apples  eaten 
uncooked  require  2  hours  for  digestion  in  the  stomach  and  mellow 
sweet  apples  1.5  hours.  Another  observer  notes  that  about  5  ounces 
of  raw  ripe  apple  requires  3  hours  and  10  minutes  for  digestion  in  the 
stomach,  but  states  that  if  the  fruit  is  imripe,  and  consequently 
contains  a  high  proportion  of  cellulose,  a  much  longer  time  may  be 
required. 

Little  is  definitely  known  regarding  the  relative  digestion  and 
absorption  of  fruits  in  the  intestine,  but  experiments  indicate  that  as 
a  class  ripe  fruits  are  quite  thoroughly  digested,  and  it  is  evident  that, 
generally  speaking,  fruits,  like  other  foods,  usually  remain  in  the 
intestinal  tract  long  enough  for  the  body  to  absorb  the  nutritive  ma- 
terial present,  and  that  therefore  the  rate  of  intestinal  digestion  would 
not  be  a  matter  of  special  importance. 

EELATIVE  ECONOMY  OF  FETHTS  AVI)  OTHER  FOODS. 

In  connection  with  his  studies  of  the  comparative  value  of  fruits. 
Professor  Jaffa  summarizes  data  regarding  the  cost  of  nutrients  and 
energy  supplied  by  fruits  as  compared  with  some  other  foods  at  cer- 
tain values  per  pound.     Some  of  his  data  follow. 
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Table  2. — Comparative  cost  of  total  ntUrierUs  and  enfrgy  in  frtnu  and  other  food 
materials  at  certain  average  prices. 


Kind  of  .food  material. 


FRSSH  FRUITS. 


Apples 

Bananas 

Grapes 

Oranges 

Peaches 

Pears 

Plums 

Watermelons . 
Blackberries.. 
Cranberries... 

Currants 

Raspberries . . 
Strawberries . . 


DRIED  FRUITS. 


Apples . . 
Dales . . . 
Figs.... 
Prunes.. 
Raisins . 


JAMS,  PRESERVES,  ETC. 


Apple  pre8er\'es 

Apple  butter 

Currant  and  raspberry  jam . 

Gooseberry  jam 

Orange  marmalade 

Pnme  sauce 

Strawberry  preserves 

Apple  jelly 

Currant  jelly 

Guava  jelly 

Quince  jelly 

Apricots,  canned 

Pears,  canned 

Peaches,  canned 

Grape  juice 


OTHER  FOODS  FOR  COMPARISON. 


Porterhouse  steak 

L^  mutton,  hind 

Whole  milk 

Skim  milk 

Wheat  flour,  patent  roller  process, 

high  grade  and  medium 

White  bread 

Rye  bread 

Sugar 

Candy 

Beans,  dried 

Celery 

Potatoes,  90  cents  per  bushel 


Price 

per 

pound. 


CenU. 
1.5 
7.0 
4.0 
6.0 
4.0 
3.0 
3.0 
1.6 
7.0 
5.0 
5.0 
7.0 
7.0 


12.0 
10.0 
15.0 
10.0 
10.0 


16.0 
5.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
20.0 


25.0 
20.0 
3.5 
2.0 

2.5 
5.0 
5.0 
6.0 
20.0 
5.0 
5.0 
1.5 


Cost  Of 
1  pound 
protein. 


Coat  of 

1,000 

calories 

energy, 


DoUs. 
6.00 
8.76 
4.00 

10.00 
8.00 
6.00 
3.33 
7.50 
6.38 

12.50 
3.33 
7.00 
7.78 


7.50 
5.26 
3.50 
5.56 
4.35 


91.43 
10.00 
26.66 
32.00 
26.66 
32.00 
26.67 
53.33 
40.00 
53.33 
80.00 
17.78 
63.33 
20.00 
83.33 


Cents. 

7.3 
23.3 
11.9 
36.2 
25.1 
11.5 

8.1 
25.0 
25.9 
23.3 
18.9 
27.4 
40.0 


8.9 
6.9 
10.2 
8.4 
6.9 


13.8 
6.6 
12.8 
13.2 
10.1 
37.2 
12.0 
12.2 
13.4 
10.5 
13.3 
47.1 
45.5 
53.2 
128.2 


I 


22.6 
22.2 
10.6 
11.8 


Amoonts  for  10  cents. 


Total 
weight 
of  food 
mate- 
rials. 


Lbs. 
6.67 
1.43 
2.60 
1.67 
2.50 
3.33 
3.33 
6.67 
1.43 
2.00 
2.00 
1.43 
1.43 


1.00 

.67 

1.00 

1.00 


.62 
2.00 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.50 


.40 

.50 
2.86 
5.00 

4.00 
2.00 
2.00 
1.67  I 
.50 
2.00  I 
2.00 
6.67  I 


Pro- 
tein. 


Lbs. 
0.02 
.01 
.03 
.01 
.01 
.02 
.03 
.01 
.02 
.01 
.03 
.01 
.01 


Fat. 


Lbs. 
0.02 


.01 


.01 


.01 


Carbo- 
hy- 
drates. 


.01 
.01 


.01 


.02 


.03 


.01 


Lbs. 
0.72 
.21 
.36 
.14 
.19 
.42 
.64 
.18 
.16 
.20 
.26 
.18 
.10 


.56 
.71 
.60 
.62 
.69 


.94 
.42 
.40 
.62 
.14 
.44 
.43 
.40 
.51 
.40 
.11 
.11 
.09 
.04 


Energy. 


.14 
.28 

3.00 

1.06 

1.06 

1.67 

.48 

1.19 

.06 

.98 


Calories. 

\,4fft 

420 

837 

284 


400 


480 
630 
365 
250 


1,121 
1,460 
968 
1,190 
1,446 


727 
1,780 
781 
762 
963 
267 
833 
812 
744 
952 
750 
211 
220 
188 
78 


444 

446 
926 
850 

6,600 
2,430 
2,360 
3,106 

802 
3,210 

140 
2,068 


From  the  data  in  the  foregoing  table  it  appears  that  fmits  are  com- 
paratively expensive  sources  of  protein  as  compared  with  flour  or 
dried  legumes,  the  fruit  juices  being  the  most  expensive  and  the  dried 
fruits  the  cheapest  of  the  fruit  products.  Ten  cents  on  an  average 
will  purchase  fully  as  much  energy  when  spent  for  fresh  fruits  and 
more  when  spent  for  dried  fruits  than  for  lean  meats,  but  much  less 
than  when  expended  for  wheat  flour.  From  the  data  as  a  whole  it  is 
apparent  that  fruits  are  reasonably  cheap  sources  of  energy  in  the 
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diet  and  are  well  suited  on  grounds  of  economy  for  combination  in 
reasonable  quantity  with  cheap  proteid  foods  to  furnish  a  well- 
balanced  ration. 

COOKIKG  AHD  ITS  EFEECT8  ON  FRTHT:  JELLY  ICAKDTG. 

As  is  the  case  with  all  vegetable  foods,  the  heat  of  cooking  breaks 
down  the  carbohydrate  walls  of  the  cells  which  make  up  the  fruit 
flesh,  either  because  the  moisture  or  other  cell  contents  expands  and 
ruptures  the  walls  or  because  the  cell  wall  is  itself  softened  or  dis- 
solved. Texture,  appearance,  and  flavor  of  fruit  are  materially 
modified  by  cooking,  and  if  thorough  it  insures  sterilization,  as  in  the 
case  of  all  other  foods.  The  change  in  texture  often  has  a  practical 
advantage,  since  it  implies  the  softening  of  the  fruit  flesh  so  that  it 
is  more  palatable  and  may  be  more  readily  acted  upon  by  the  digestive 
juices.  This  is  obviously  of  more  importance  with  the  fruits  Uke  the 
quince,  which  is  so  hard  that.it  is  unpalatable  raw,  than  it  is  with  soft 
fniits  like  strawberries.  When  fruits  are  cooked  without  the  addition 
of  water  or  other  material,  as  is  often  the  case  in  baking  apples,  there 
is  a  loss  of  weight,  owing  to  the  evaporation  of  water,  and  the  juice  as 
it  runs  out  carries  some  carbohydrates  and  other  soluble  constituents 
with  it,  but  under  ordinary  household  conditions  this  does  not  imply 
waste,  as  the  juice  which  cooks  out  from  fruit  is  usually  eaten  as  well 
as  the  pulp.  Cooking  in  water  extracts  some  of  the  nutritive  material 
present.  Thus,  a  German  investigator  found  that  after  boiling, 
apples  and  pears  contained  4  or  5  per  cent  and  peaches  about  7  per 
cent  less  carbohydrates  than  the  uncooked  fruit.  In  this  case  also 
such  removal  of  nutritive  material  is  of  no  practical  importance. 

The  idea  is  quite  generally  held  that  cooking  fruit  changes  its  acid 
content,  acid  being  sometimes  increased  and  sometimes  decreased  by 
the  cooking  process.  Kelhofer  °  showed  that  when  gooseberries 
were  cooked  with  sugar  the  acid  content  was  not  materially  changed, 
these  results  being  in  accord  with  his  conclusions  reached  in  earUer 
studies  with  other  fruits.  The  sweeter  taste  of  the  cooked  product 
he  believed  to  be  simply  due  to  the  fact  that  sugar  masks  the  flavor 
of  the  acid. 

It  is  often  noted  that  cooked  fruits,  such  as  plums,  seem  much 
sourer  than  the  raw  fruit,  and  it  has  been  suggested  that  either  the 
acid  was  increased  or  the  sugar  was  decreased  by  the  cooking  process. 
This  problem  was  studied  by  Sutherst,^  and  in  his  opinion  the 
increased  acid  flavor  is  due  to  the  fact  that  cooked  fruit  (gooseberries, 
currants,  plums,  etc.)  usually  contains  the  skin,  whioh  is  conMnonly 
rejected  if  the  fruit  is  eaten  raw.     The  skin  is  more  acid  than  the 

oLandw.  Jahrb.  Schwoiz.,  19  (1905),  pp.  601,  602. 
f>Chem.  News,  92  (1905),  No.  2393,  p.  163. 
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pulp,  as  was  shown  by  analyses  of  gooseberries,  in  which  the  skin  was 
found  to  contain  2.7  per  cent  acid  and  the  pulp  1.8  per  cent.  To 
determine  whether  acid  is  formed  when  fruit  is  cooked,  Sutherst 
boiled  a  mixture  of  nearly  ripe  gooseberries  in  water  for  about  30 
minutes  and  then  measured  the  amount  of  acid  by  trituration  with 
sodium  hydroxid  solution.  The  boiled  portion  was  found  to  contain 
less  acid  than  the  raw,  probably  because  some  of  the  acid  was  volatile 
and  passed  off  with  the  steam. 

As  regards  the  effect  of  cooking  on  the  kind  and  amount  of  sugar 
present,  uncooked  gooseberries  were  found  to  contain  1.2  per  cent 
cane  sugar  and  5.8  per  cent  invert  sugar.  After  boiling,  no  cane  sugar 
was  found  while  the  invert  sugar  amoimted  to  6.9  per  cent.  This 
indicates  that  all  the  sugar  undergoes  inversion  during  cooking,  the 
acid  present  bringing  about  the  inversion  in  the  usual  way. 

When  fruits  or  fruit  juices  are  cooked  with  sugar,  the  material  very 
commonly  solidifies  or  jellies  on  cooling,  and  this  well-known  property 
is  taken  advantage  of  in  jelly  making.  In  the  case  of  some  fruits, 
like  the  apple,  the  jelly-yielding  material  must  be  extracted  from  the 
fruit  by  cooking  with  hot  water,  while  in  the  case  of  other  fruits — the 
ciurant,  for  instance — this  extraction  with  hot  water  is  not  necessary , 
as  the  expressed  juice  will  produce  a  jelly.  Heating  the  extracted  or 
expressed  juice  is  commonly  considered  a  necessary  step  in  jelly 
making,  but  some  fruit  juices  will,  on  standing,  jelly  without  heat, 
and  laboratory  tests  have  shown  that  jelly  may  also  be  obtained 
without  the  addition  of  sugar.  Cooking  and  the  addition  of  sugar 
are,  however,  important  features  in  the  practical  consideration  of 
jelly  making,  as  they  have  a  decided  effect  upon  the  yield,  flavor, 
and  keeping  qualities  of  the  resulting  product. 

Some  fruits,  like  the  ordinary  varieties  of  pear,  possess  so  little 
of  the  jelly-yielding  material  or  possess  it  in  such  an  unusual  form 
that  they  do  not  yield  a  good  jelly  under  ordinary  household  methods 
of  treatment.  The  proportion  of  jelly-yielding  material,  like  other 
constituents,  varies  with  the  stage  of  maturity,  underripe  rather 
than  overripe  fruit  being  best  for  the  purpose. 

The  jelly-yielding  bodies  are  known  to  be  carbohydrates  and  have 
been  called  pectin,  pectose,  pectin  bodies,  or  some  similar  name. 
They  have  been  commonly  grouped  with  the  plant  gums  and  similar 
carbohydrates,  and  the  true  nature  of  these  materials  has  been  the 
subject  of  a  great  deal  of  study."  At  the  present  time  the  consensus 
of  opinion  seems  to  be  that  the  pectins  are  composed  of  several  of 

o^  The  Bureau  of  Chemistry  of  the  Department  of  Agriculture  hxs  reported  a  number 
of  important  studies  on  the  jelly-yielding  constituents  of  fruit  and  an  extended  sum- 
mary of  previous  investigations  of  the  chemical  nature  of  pectins  and  related  questions. 
IT.  S.  Dept.  Agr.,  Bureau  of  Chemistry  Bui.  W;  Jour.  Amer.  Chem.  Soc.,  28  (1906), 

p.  200. 
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the  simpler  carbohydrates  united  to  form  a  complex  carbohydrate. 
In  some  fruits,  like  the  apple,  where  the  jelly-yielding  material 
must  be  extracted  with  hot  water,  the  pectin  is  apparently  united 
with  cellulose  as  a  part  of  the  solid  pulp.  As  shown  by  the  investi- 
gations of  Bigelow  and  Gore  at  the  Bureau  of  Chemistry,  40  per  cent 
of  the  solid  material  of  apple  pulp  may  be  thus  extracted  with  hot 
water,  and«consists  of  two  carbohydrates,  one  of  which  is  closely  related 
to  gum  arabic.  That  such  carbohydrates  as  these  should  yield  a 
jelly  is  not  surprising  when  we  remember  that  they  are  sin^ar  to 
starch  in  their  chemical  nature,  and,  as  every  one  knows,  starch, 
though  insoluble  in  cold  water,  yields  when  cooked  with  hot  water 
a  large  prop(H*tion  of  paste  which  jellies  on  cooling. 

When  fruits  are  used  for  making  pies,  puddings,  etc.,  the  nutritive 
vahie  of  the  dish  is,  of  course,  increased  by  the  addition  of  flour,  sugar, 
etc.,  and  the  dish  as  a  whole  may  constitute  a  better  balanced  food 
than  the  fruit  alone.  It  is  commonly  believed  that  dishes  in  which 
fruits  are  cooked  with  the  addition  of  sugar,  butter,  and  a  flour  crust 
of  some  sort  are  less  easily  digested  than  simple  rations  of  bread,  but- 
ter, and  fruit  having  an  equivalent  nutritive  value.  The  large  number 
of  digestion  experiments  which  have  been  made  with  various  mixed 
diets  do  not  indicate  that  there  is  any  special  difference  between 
the  two  rations  as  regards  thoroughness  of  digestion,  but  additional 
experiments  must  be  undertaken  before  it  can  be  said  with  certainty 
whether  or  not  there  are  actual  differences  in  the  ease  and  rapidity  of 
digestion. 

In  different  countries  opinions  vary  markedly  regarding  the  relative 
wholesomeness  of  raw  and  cooked  fruit.  Thus,  as  has  often  been 
pointed  out,  the  Germans  use  comparatively  little  raw  fruit  and  con- 
sider it  far  less  wholesome  than  cooked  fruit.  On  the  other  hand,  in 
the  United  States  raw  fruit  of  good  quality  is  considered  extremely 
wholesome,  and  is  used  in  very  large  quantities,  being  as  much  relished 
as  cooked  fruit,  if  indeed  it  is  not  preferred  to  it.  It  has  been  sug- 
gested that  the  European  prejudice  against  raw  fruit  may  be  an 
unconscious  protest  against  insanitary  methods  of  marketing  or  han- 
dling and  the  recognition  of  cooking  as  a  practical  method  of  prevent- 
ing the  spread  of  disease  by  fruit  accidentally  soiled  with  fertilizers  in 
the  fields  or  with  street  dust. 

OVEEEIFE,  DECAYED,  AND  TTNBIPE  FBTTIT. 

Overripe  fruit  is  often  injurious,  very  probably  because  it  has  begun 
to  ferment,  and  stale  or  partially  decayed  fruit  is  obviously  undesir- 
able for  food  purposes.  In  addition  to  a  deterioration  in  flavor  there 
is  always  the  possibility  of  digestive  disturbance  if  such  fruit  is  eaten 

293 


31 

raw.  Of  course,  where  apples  are  raised  or  where  they  are  bought  in 
large  quantities  for  family  use  the  thrifty  housewife  will  sort  them 
over  and  use  for  cooking  the  sound  portions  of  those  which  have  begun 
to  decay.  In  such  cases,  however,  the  best  available  methods  of  stoiv 
ing  should  be  followed  and  sorting  should  be  done  at  frequent  inter- 
vals, for  if  decay  has  proceeded  very  far  the  flavor  is  without  doubt 
injured. 

If  fruits  could  be  kept  unbruised  and  with  the  skin  unbroken,  decay 
would  be  much  delayed,  as  the  mold  spores,  rots,  etc.,  which  cause 
decay,  find  their  readiest  entrance  through  broken  skins.  That 
mechanical  injuries  are  the  principal  causes  of  decay  was  shown  in  a 
study  of  citrus  fruits.  When  the  skin  of  an  orange  or  lemon  is  broken 
the  blue  mold  finds  access  to  the  wound,  and  under  favorable  condi- 
tions of  moisture  and  temperature  develops  readily  and  causes  decay. 
An  examination  of  hundreds  of  boxes  of  California  oranges  showed 
that  a  large  percentage  of  all  the  fruit  was  made  susceptible  to  such 
decay  by  accidental  injuries  to  the  skin  in  packing. 

It  is  not  at  all  strange  that  decayed  fruit  should  have  a  decided 
characteristic  odor  and  flavor  whefi  we  remember  that  the  decay  is 
very  commonly  caused  by  fungi,  especially  molds  and  rots,  which 
penetrate  the  pulp  and  grow  and  develop  rapidly.  The  fungi  live 
upon  the  cell  contents,  particularly  sugars  and  proteids,  and  produce 
bodies  of  marked  chemical  characteristics,  including  odor  and  flavor. 
It  is  said  that  the  most  unpleasant  effects  are  due  to  one  of  the  com- 
mon molds. 

It  is  almost  imiversally  beUeved  that  green  fruit  is  unwholesome  and 
causes  serious  digestive  disturbances,  yet  those  who  have  been  brought 
up  in  the  country  know  that  if  illness  had  always  followed  eating  it 
there  wotild  have  been  few  well  children  in  the  community  in  the 
summer.  Recognizing  that  green  fruit  may  be  a  cause  of  illness  at 
times  and  at  other  times  apparently  harmless,  two  German  scientists 
have  recently  carried  on  extensive  studies  to  ascertain  the  truth  of  the 
matter.  Chemical  analyses  were  made  of  fruits  of  varying  degrees  of 
ripeness,  and  studies  in  which  green  fruit  was  eaten  in  considerable 
quantities  and  under  varying  conditions  were  carried  on  with  both 
animals  and  men.  It  appears  from  the  results  of  the  experiments  that 
although  unripe  fruit  is  undoubtedly  often  harmful,  particularly  for 
children,  the  danger  from  such  foods,  especially  green  gooseberries, 
])lums,  pears,  and  apples,  when  eaten  raw,  is  less  than  is  commonly 
thought,  and  the  effects  depend  in  marked  degree  upon  individual 
peculiarities. 

The  green  fruit  was  found  to  contain  the  same  chemical  compoimds 
as  the  ripe  fruit,  though  in  different  proportions — that  is,  no  chemical 
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element  was  found  in  the  green  fruit  which  was  foreign  to  the  ripe  fruit 
and  which  could  be  considered  in  itself  a  cause  of  illness.  The  inju- 
rious effects  of  raw  unripe  fruit  therefore,  it  appears,  do  not  depend 
upon  chemical  constituents,  but  rather  on  the  unusual  proportions  in 
which  the  constituents  occur,  and  especially  the  large  percentage  of 
hard  cell  tissue,  which,  if  imperfectly  masticated,  it  will  readily  be 
seen,  might  be  a  source  of  digestive  derangement.  Possibly  the  excess 
of  acid  in  the  green  fruit  is  also  a  cause  of  digestive  disturbance. 
Cooked  green  fruit  was  found  to  be  practically  harmless,  being  espe- 
cially palatable  and  wholesome  when  cooked  with  sugar. 

The  possibility  of  injury  by  bacterial  contamination  was  considered, 
though  the  data  available  were  not  sufficient  for  final  deductions.  It 
is  now  well  known  that  such  diseases  are  usually  caused  by  micro- 
organisms, so  possibly  the  green  fruit  very  frequently  picked  up 
beneath  the  tree  is  only  an  accidental  carrier  of  the  real  cause  of  the 
digestive  disturbances  which  may  follow  eating  it. 

HANDLING  AND  MAEKETING  FBTTIT. 

It  is  very  important  that  fruits  should  be  handled,  stored,  and 
marketed  under  sanitary  conditions,  as  they  are  very  commonly  eaten 
raw,  and  not  all  persons  are  careful  to  wash  them  before  serving. 
Fruit  which  has  fallen  to  the  ground  may  be  readily  soiled  with  earth, 
water,  or  other  material  which  may  contain  typhoid  or  other  bacteria. 
Indeed,  cases  of  infection  have  been  traced  to  fruits  contaminated  in 
this  or  some  similar  way  and  which  were  eaten  raw  without  being 
washed.  Investigations  have  also  shown  that  fruits  exposed  to  street 
dust  and  to  other  unfavorable  conditions  become  covered  with  bacte- 
ria, which  are  always  present  in  such  dust-laden  air,  and  may  be  possi- 
ble sources  of  contagion.  Flies  and  other  insects  are  also  known  to  be 
a  source  of  dirt  and  contamination.  Samples  of  fruit  purchased  in 
the  street  and  examined  by  a  German  investigator  (EhrUch)  showed 
tuberculosis  bacteria  and  many  other  forms  of  micro-organisms,  the 
mmiber  present  varying  considerably  with  different  sorts  of  fruit. 

Realizing  that  fruit  exposed  to  street  dust  and  insects  may  be  a 
means  of  spreading  disease,  measures  have  been  taken  in  Vienna  to 
prevent  such  conditions,  and  fruit  offered  for  sale  must  be  covered 
with  gauze  or  otherwise  protected.  In  connection  with  the  Vienna 
investigations  microscopic  examinations  were  made  of  the  skins  of 
plums  and  pears  purchased  at  a  much  patronized  fruit  shop.  It  was 
found  that  the  main  source  of  contamination  was  dust  containing  frag- 
ments of  stone  from  the  street  pavement  and  bits  of  horse  manure. 

As  might  be  expected,  Ehrlich  found  that  those  fruits  with  a  firm 
dry  skin,  such  as  apples,  did  not  furnish  as  good  a  lodging  place  for 

293 


33 

bacteria  and  dust  as  fruits  with  a  sticky  surface,  such  as  berries. 
Sticky  dried  fruits,  such  as  dates,  raisins,  and  figs,  are  also>  as  will  be 
readily  seen,  favorable  resting  places  for  dirt  and  dust,  as  almost  any- 
thing which  the  moving  air  currents  lodge  on  the  sticky  surface  will 
remain  there.  Fortunately,  it  is  becoming  a  conmion  practice  to 
market  such  fruits  in  closed  packages,  usually  of  cardboard,  which 
protect  them  to  a  great  extent  from  dust  and  insects,  so  that  the  dried 
fruit,  if  clean  in  the  first  place,  will  remain  clean. 

It  is  often  urged  that  washing  fruit  destroys  flavor.  On  the  other 
hand,  skillful  housewives  maintain  that  if  properly  done  the  loss  of 
flavor  is  inappreciable,  and  on  the  grounds  of  common  cleanliness  it 
would  seem  best  to  sacrifice  a  little  flavor,  if  necessary,  for  the  sake  of 
removing  filth  and  possibly  dangerous  bodies,  even  if  the  amount  of 
dirt  present  is  too  small  to  be  offensive  to  sight  or  taste. 

Ehrlich,  whose  work  has  been  cited,  foimd  that  washing  fresh  fruit 
once  thoroughly  in  running  water  was  sufficient  to  remove  the  micro- 
organisms present.  If  the  fruit  had  been  kept  until  the  sticky  surface 
was  more  or  less  dry,  washing  two  or  three  times  was  found  desirable. 
With  apples  and  pears  he  recommends  wiping  with  a  clean  dry  cloth, 
followed  by  rinsing  under  the  water  tap.  As  is  well  known,  berries, 
and  other  soft  fruits  sour  and  mold  very  readily  if  damp;  they  should 
therefore  be  washed  just  before  they  are  served. 

When  fruit  is  washed  the  amount  of  material  removed  is  small.  In 
the  case  of  soft  fruits,  like  berries,  with  a  surface  skin  which  is  very 
thin  and  easily  broken,  it  is  almost  certain  that  larger  quantities  will 
be  removed  than  with  firm  fruit. 

An  idea  of  the  amount  of  material  removed  by  washing  fresh  fruits, 
such  as  the  apple,  which  is  protected  by  a  firm  skin,  may  be  gathered 
from  some  French  experiments  made  to  study  the  effects  of  washing 
apples  used  in  cider  making.  Each  apple  in  a  45-pound  lot  was 
washed  separately  in  distilled  water.  The  wash  water  took -on  a 
dirty  black  color  and  also  had  a  disagreeable  odor,  and  analyses 
showed  that  per  1,000  pounds  of  apples  it  contained  about  0.3  pound 
total  dry  matter,  the  greater  part  of  the  dry  matter  being  made  up 
of  sugar,  with  smaller  amounts  of  pectin  bodies,  malic  acid,  and  ash. 
The  juice  of  washed  and  unwashed  fruit  was  practically  identical  in 
composition.  It  is  evident  that  the  loss  represented  is  too  small  to 
be  of  any  practical  accoimt  from  the  standpoint  of  economy,  but  even 
less  than  0.3  pound  of  dirt  per  1,000  pounds  of  fruit  is  something, 
which  all  would  wish  to  avoid  when  attention  has  once  been  directed 
to  it. 

On  the  whole,  it  seems  fair  to  conclude  that,  notwithstanding  the 
prejudice  which  many  housewives  have  against  the  practice  of  wash- 
ing fruit,  it  is  unquestionably  safest  never  to  omit  the  precaution  of 
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washing  fruit  which  is  to  be  eaten  raw,  unless  one  can  be  quite  certain 
that  it  has  not  been  exposed  to  possible  contamination. 

Metchnikoff  ^  insists  that  there  is  danger  of  acquiring  harmful  intes- 
tinal parasites  or  their  eggs  from  raw  fruits  and  vegetables,  par- 
ticularly those  liable  to  come  in  contact  with  the  doil,  and  he  believes 
that  in  all  such  doubtful  cases  these  foods  should  be  cooked,  or  at 
least  scalded  in  hot  water,  before  they  are  eaten. 

Much  of  the  dust  and  dirt  and  other  unpleasant  features  might  be 
avoided  if  our  methods  of  handling  and  marketing  fruit  and  other 
food  products  were  at  all  comparable  with  our  standards  of  sanitation 
in  other  lines  and  with  what  is  easily  possible.  Improvements  in 
present  market  conditions,  however,  can  hardly  be  expected  until  the 
public  demands  them. 

STOEING   PEUIT. 

The  manner  in  which  fruits  are  transported  and  stored  has  a 
marked  effect  on  quality.  Low  temperature  retards  after-ripening 
and  decay  and  is  the  agent  most  depended  upon  at  the  present  time, 
and  refrigerator  cars  and  cold-storage  warehouses  are  now  very 
common  adjuncts  of  the  fruit  industry.  It  is  said  that  a  temperature 
of  31  to  32°  F.  is  best  for  storing  apples,  pears,  peaches,  and  oranges. 
Another  authority  gives  32°  F.  for  cantaloupes  and  watermelons,  33  to 
34°  F.  for  cranberries,  34  to  36°  F.  for  berries  and  bananas,  36®  F.  for 
lemons,  and  35  to  40°  F.  for  dried  fruits.  Tender  fruits,  it  is  said, 
will  keep  best  if  they  are  stored  just  when  they  are  fully  ripe,  and 
sweet  fruits  will  stand  a  lower  temperature  than  sour  fruits.  The 
length  of  time  fruits  may  be  kept  in  cold  storage  varies  with  the  kind, 
the  degree  of  ripeness,  the  method  of  handling,  and  other  conditions. 
With  berries,  it  is  a  question  of  days;  with  peaches,  melons,  and  other 
soft  fruits,  of  weeks ;  and  with  apples  and  pears,  of  months. 

Though  pears  of  suitable  varieties  are  frequently  kept  for  winter 
use,  apples  are  the  fruit  most  commonly  stored  in  the  household,  at 
least  in  the  central  and  northern  regions  of  the  United  States.  For 
success  a  uniform  temperature  is  essential,  the  nearer  32®  F.  the 
better.  The  air  of  the  cellar  or  the  storeroom  must  be  moderately  dry ; 
that  is,  it  must  be  moist  enough  to  prevent  fruit  from  shriveling 
and  dry  enough  to  be  unfavorable  to  mold  growth.  The  room  must 
also  be  sweet  and  clean,  as  fruits  will  readily  absorb  unpleasant  odors. 
Apples  kept  too  near  the  turnip  bin  are  very  apt  to  have  an  unpleasant 
taste.  It  is  also  best  to  avoid  drafts,  especially  when  storing  pears. 
Barrels  and  bins  each  have  their  advocates,  but^the  consensus  of 
opinion  seems  to  be  that  both  are  satisfactory  and  the  choice  of  one 
or  the  other  simply  a  matter  of  convenience.     If  it  is  desired  to  keep 
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apples  or  pears  an  unusually  long  time,  the  individual  fruits  should  be 
wrapped  in  clean  unprinted  paper  which  is  not  too  thick.  A  great 
many  of  the  problems  connected  with  the  handUng  and  storing  of 
fruits  have  been  studied  in  the  Pomological  Investigations  of  the 
Bureau  of  Plant  Industry  of  this  Department  and  by  several  of  the 
agricultural  experiment  stations. 

THE  H7GIEHE  OF  FBUIT. 

Generally  speaking,  fruits  are  wholesome  and  palatable  foods,  yet 
it  is  not  at  all  uncommon  to  find  that  one  or  more  sorts  can  not  be 
eaten  by  an  individual.  Thus  many  persons  find  that  strawberries 
cause  distress  and  many  others  that  any  acid  fruit  is  a  cause  of  diges- 
tive disturbance.  Such  cases  are  explained  on  the  ground  of  some 
personal  idiosyncrasy. 

The  extended  use  of  fruit  in  the  diet  is  certainly  justified  on  the 
ground  of  palatability,  food  value,  and  esthetic  considerations,  Wt 
there  are  those  who  seek  a  further  justification  on  the  score  of  hygiene. 
It  is  commonly  conceded  that  most  fruits  are  laxative,  and  it  seems 
probable  that  they  owe  this  property  to  the  considerable  amount  of 
water  which  they  contain,  to  the  salts  in  solution,  or  to  the  irritating 
crude  fiber,  small  seeds,  or  other  indigestible  materials  present,  or  to 
all  these  together.  Man  seems  to  crave  and  require  some  acid  in  his 
diet,  and  the  citric,  malic,  and  other  fruit  acids  are  undoubtedly 
wholesome. 

The  importance  of  fresh  fruits  and  green  vegetables  in  supplying 
the  body  with  iron  and  other  mineral  matters  is  often  spoken  of,  and 
it  is  true  that  the  amount  of  iron,  for  instance,  which  many  such 
foods  contain  is  large  in  proportion  to  their  protein  content  or  their 
energy  value.  This  means  that  if  the  ordinary  diet  does  not  supply 
enough  of  some  mineral  constituent  it  may  be  obtained  by  adding 
the  fruit  or  green  vegetable,  which  will  give  it  without  materially 
adding  to  the  nutrients  and  energy  of  a  diet  already  abundant  in 
these  respects. 

Considerable  bulk  is  an  essential  factor  in  the  diet.  If  the  foods 
eaten  were  of  such  a  nature  as  to  be  almost  completely  absorbed,  the 
large  intestine  would  not  readily  empty  itself  and  serious  compli- 
cations would  follow.  For  this  reason  bulky  foods,  like  fresh  succu- 
lent vegetables  and  fruit,  are  of  importance,  as  they  usually  contain 
a  considerable  proportion  of  indigestible  matter. 

In  earlier  times  remarkable  virtues  or  the  opposite  were  conmionly 
attributed  to  fruits,  plants,  precious  stones,  and  other  animate  and 
inanimate  objects,  and  it  seems  not  improbable  that  the  medicinal 
virtues  which  are  often  ascribed  to  various  fruits  in  popular  writings 
are  survivals  of  this  custom.     No  well-informed  person  would  to-day 
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share  the  belief,  once  so  widespread,  that  tomatoes  are  the  cause  of 
canc€^,  yet  many  apparently  give  credence  to  statements  that  certain 
fruits  are  a  satisfactory  food  for  brain  workers,  while  others  must  be 
avoided:  At  any  rate,  such  statements  are  often  found  in  print.  In 
general,  it  may  be  said  that  very  few  investigations  have  been  made 
which  indicate  that  the  different  fruits  possess  specific  medicinal  quali- 
ties. Those  which  contain  an  abundance  of  sugar  are  naturally 
excluded  in  a  large  measure  from  the  diet  of  diabetics,  while  there  are 
other  conditions  in  which  acid  fruits  are  conceded  to  be  imdesirable. 

To  the  juice  of  acid  fruits  like  the  lime,  lemon,  orange,  pomelo,  or 
"grape  fruit/'  and  the  kumquat  (the  small  orange  which  is  eaten 
entire,  both  skin  and  pulp)  .hygienic  properties  are  commonly 
attributed,  and  there  is  reason  to  believe  that  this  reputation  is 
deserved.  Such  fruit  juices  stimulate  the  appetite  and  are  beneficia] 
in  other  ways.  The  bitter  principle  in  the  pomelo  is  commonly  said 
to  be  of  value  medicinally,  perhaps  because  it  suggests  the  bitter 
flavor  of  quinine,  but  so  far  as  can  be  learned  the  real  value  of  this 
bitter  quality  is  a  matter  of  opinion  rather  than  of  experimental  study. 

Some  fruits,  notably  the  tropical  papaw  and  the  pineapple,  contain 
very  active  ferments.  The  ferment  present  in  the  papaw  is  separated 
in  commercial  quantities  and  used  as  a  digester  of  nitrogenous  mate- 
rials. Perhaps  it  is  quite  natural  that  much  stress  should  have  been 
laid  on  the  ferment  present  in  the  pineapple  and  that  this  fruit  should 
be  recommended  for  use  at  the  end  of  a  meal,  so  that  its  ferment  may 
aid  the  body  in  digesting  food.  It  should  be  remembered,  however, 
that  the  body  in  health  does  not  need  artificial  aid  in  performing  its 
normal  functions  and  that  for  digestive  disturbances  it  would  be 
wiser  to  seek  competent  medical  advice  than  to  depend  on  the  casual 
use  of  pineapple  or  other  plant  ferment,  especially  when  it  is  remem- 
bered that  there  is  great  doubt  as  to  the  efficacy  of  any  ferments 
introduced  artificially  into  the  stomach. 

Fortunately  there  are  so  many  other  good  reasons  for  using  fruits 
that  we  have  little  need  to  base  our  use  of  them  in  quantity  on  sup- 
posed medicinal  virtues. 

EXTENT  OF  THE  FBTJIT  INDITSTBY  IS  THE  TJHITBD  8TATB8. 

As  shown  by  statistics  based  on  the  results  of  dietary  studies  of 
nearly  400  American  families,  fresh  fruits  make  up  3.8  per  cent  of  the 
total  food  and  supply  2.5  per  cent  of  the  total  carbohydrates.  Simi- 
larly dried  fruits  furnish  0.6  per  cent  of  the  total  food  and  1.2  per 
cent  of  the  total  carbohydrates.  The  values  for  fruits  as  a  whole, 
therefore,  are  4.4  per  cent  of  the  total  food  material  and  3.7  per  cent 
of  the  total  carbohydrates.  These  figures  are  not  large  in  themselves, 
yet  cx)mpare  favorably  with  the  values  for  different  grou]>B  of  vege* 


87 

table  foods.  Thus  the  same  compilation  shows  that  vegetables,  other 
than  legumes,  potatoes,  and  sweet  potatoes,  furnish  6.2  per  cent  of 
the  total  food  and  1.7  per  cent  of  the  total  carbohydrates  of  the 
average  American  diet. 

Besides  the  fruit  consumed  at  home  a  great  amount  is  exported,  and 
there  is  no  doubt  that  fruit  growing  is  one  of  the  important  agricul- 
tural industries  of  the  United  States,  and  one  which  is  rapidly  devel- 
oping. The  report  of  the  Twelfth  Census  ^  shows  that  the  total  value 
of  fruit  grown  in  contiguous  United  States  in  1899  was  in  roimd  num- 
bers $131,099,000,  of  which  orchard  fruits  made  up  $83,751,000, 
grapes,  $14,090,000,  small  fruits  $25,030,000,  and  oranges,  lemons,  and 
other  subtropical  fruits,  $8,228,000.  Of  the  individual  States,  Cali- 
fornia and  New  York  were  the  greatest  fruit  producers,  the  large 
acreage  of  orchard  fruits  and  grapes  in  these  States  being  prominent 
factors  in  the  problem. 

The  progress  of  fruit  production  during  the  decade  between  the  last 
two  censuses  is  indicated  by  the  gain  in  the  number  of  orchard  fruit 
trees ;  the  number  of  these  trees  in  1900  was  90  per  cent  more  than  the 
number  in  1890. 

Of  orchard  fruits  the  apple  has  decidedly  the  first  place,  55  per  cent 
of  the  total  number  of  fruit  trees  in  the  United  States  in  1900  being 
apple  trees,  and  this  fruit  making  up  83  per  cent  of  the  total  number 
of  bushels  of  orchard  fruit  produced..  Judged  by  the  number  of  trees 
under  cultivation  the  greatest  increase  has  been  found  in  the  case  of 
plums,  apricots,  and  pears,  though  peaches  and  cherries  also  have 
shown  large  gains.  Of  small  fruits  strawberries,  as  might  be  expected, 
were  the  most  important  crop,  and  raspberries  next,  257,438,000 
quarts  of  strawberries  and  76,628,000  quarts  of  raspberries  having 
been  grown  in  1899. 

In  the  case  of  canned  and  preserved  fruits  and  similar  goods  the 
Census  returns^  give  later  figures  than  those  quoted  for  fresh  fruits. 
The  total  value  of  the  canned  fruit  produced  in  1904  was  in  round  num- 
bers $11,644,000,  dried  fruit,  $15,665,000,  and  other  fruit  products 
85,571,000,  or  a  total  of  $32,880,000.  Of  the  individual  canned  and 
preserved  fruits  the  peach  ranked  first,  the  value  of  the  peaches 
canned  in  1904  being  $3,894,000,  with  canned  pears  at  a  value  of 
52,192,000  ranking  next. 

Considering  dried  fruits,  raisins  ranked  first,  the  total  value  of  the 
raisin  crop  in  1904  being  $6,349,000. 

In  1906  the  United  States  imported  prepared,  preserved,  and  dried 
fruits  to  the  value  of  $5,337,000.  The  value  of  the  domestic  exports 
of  dried,  canned,  and  preserved  fruits  was  $7,635,000. 

o  Bur.  of  the  Census  [U.  S.]  Rpts.,  vol.  6  (Agriculture,  pt.  2),  p.  599. 
h  Rur.  of  the  Census  [U.  S.],  Bui.  61,  p.  9. 

293 


88 

The  statistics  which  have  been  quoted  show  a  decided  gain  in  the 
American  fruit  industry,  both  as  regards  fresh  and  preserved  fruits, 
and  there  are  reasons  for  believing  that  even  the  present  development 
represents  only  a  beginning.  This  being  the  case,  it  is  easy  to  under- 
stand why  the  agricultural  experiment  stations  have  devoted  so  much 
of  their  time  to  the  study  of  fruit  products,  the  marketing  of  fruit,  and 
related  problems,  and  why  the  place  of  fruit  and  fruit  products  in  the 
diet  and  their  value  as  food  should  be  regarded  as  an  important 
subject  for  investigation. 

coircLXTSioirs. 

In  general,  it  may  be  said  that  fruits  are  wholesome,  palatable,  and 
attractive  additions  to  our  diet,  and  may  be  readily  made  to  famish  a 
considerable  part  of  the  nutrients  and  energy  required  in  the  daily 
fare.  Fresh  fruits  are  dilute  foods  and  closely  resemble  green  v^e- 
tables  in  total  nutritive  value,  but  dried  fruits  and  many  preserves, 
etc.,  are  much  more  concentrated,  comparing  favorably  with  some  of 
the  cereals  and  other  dry  vegetable  foods  in  the  amount  of  total  nutri- 
ents and  energy  which  they  supply  per  pound.  The  characteristic 
chemical  constituents  of  fruits  are  carbohydrates,  and  so  they  are 
naturally  and  properly  used  in  a  well-balanced  diet  to  supplement 
foods  richer  in  protein,  as  cereal  grains,  legumes,  nuts,  eggs,  dairy 
products,  meats,  and  fish.  Fruits  contain  considerable  mineral  mat- 
ter, and  as  they  are  dilute  foods  they  may  be  added  to  the  diet  to 
supply  iron  and  other  mineral  constituents  without  unduly  increasing 
the  supply  of  protein  and  energy.  Since  they  are  bulky  and  often 
contain  fairly  large  proportions  of  indigestible  material,  fruits  stimu- 
late what  might  otherwise  be  a  sluggish  intestine.  Intelligently 
used,  fruits  are  a  valuable  part  of  a  well-balanced  diet  and  may  wdl 
be  eaten  in  larger  quantities  than  at  present. 
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B.  P.  I.— 280. 

FARM  PRACTICE  IN  THE  COLUMBIA  BASIN 
UPLANDS. 


INTEODUCTIOir. 

Men  can  usually  be  found  in  difiFerent  localities,  here  and  theBe, 
who  stand  out  as  the  most  successful  farmers  of  their  respective 
conununities.  Intelligently  meeting  the  diflBiculties  confronting 
them,  these  men  work  out  tlie  problems  of  tillage  and  crop  production 
in  a  satisfactory  manner.  By  studying  and  comparing  the  methods 
of  a  large  number  of  such  men  a  vast  amount  of  valuable  information 
can  be  acquired  in  a  comparatively  short  time  that  would  require 
years  of  patient,  intelligent  labor  to  glean  from  individual  experience. 

During  the  three  years  the  writer  has  had  charge  of  farm  manage- 
ment investigations  in  the  Pacific  Northwest,  considerable  time  has 
l)een  spent  in  studying  farm  practice  in  the  Columbia* Basin.  Repre- 
sentative localities  have  been  visited,  and,  so  far  as  possible,  the 
methods  of  the  most  successful  farmers  have  been  studied.  The 
principal  objects  in  undertaking  this  study  were  (1)  to  ascertain  what 
methods  of  tillage  are  in  actual  use  by  the  farmers  of  the  region, 
together  with  the  relative  merits  of  the  different  methods,  and  (2)  to 
(let(»rniine,  if  possible,  the  localities  and  conditions  under  which  each 
ftf  tlie  leading  varieties  of  wheat  succeeds  best.  In  making  this 
d(»taile(l  study  the  writer  had  the  advantage  of  being  quite  familiar 
with  conditions  in  the  beginning,  having  lived  in  the  region  studied 
for  more  than  twenty  years. 

The  nietliods  of  farm  practice  discussed  in  the  following  pages  will 
doubtless  be  applicable  to  other  sections  of  the  country  of  similar 
character.  For  this  reason  a  description  of  the  region  studied  is 
given. 

DESCRIPTION  OF  THE  REGION. 

The  an»a  covered  in  this  study  includes  a  portion  of  each  of  three 
States  Idaho,  Oregon,  and  Washington.  It  consists  of  the  wheat- 
^^rowiiig  lands  of  the  Columbia  Basin.  The  area  is  almost  entirely 
surrounded  by  mountains.  The  Cascade  Mountains  lie  to  the  west; 
the  Bittc^rroot  and  the  Coeur  d'Alene  mountains  to  the  east;  the 
-^4  (7) 
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Okanogan  Higlilands  to  the  north,  and  the  Blue  Ifountains  to  the 
southeast. 

Practically  the  whole  of  the  area  is  covered  by  an  immense  mass 
of  basalt,  the  result  of  a  series  of  lava  overflows.  Subsequent  to  the 
last  great  overflow  a  large  lake  covered  a  portion  of  the  area  in  north- 


Fk,.  1.     Kt'li.f  iiiMp  <<f  parts  of  Ori'^^oii  iiiKi  Wiisliin^rtoii.  showing  tho  Columbia  Basin. 

WW  ()r('jj:i)n  jiiul  (•(Mitral  Wasliint^ton.  Into  this  lake  streams  carried 
sand  and  mud,  and  volcanoes  threw  into  it  ^rroat  (juantities  of  dust 
and  aslics.  Hccaus(^  the  ch^posits  of  this  lake  were  first  studied  along 
ffohn  Day  ]{iver  in  ()re<xon  it  is  known  as  Lak(*  John  Day.  In  some 
localities  the  dej)osits  of  this  j)rehistoric  lake  were  hundreds  of  feet 

2^4 


in  thickness.  Since  the  deposition  of  these  sedimentary  beds,  the 
elevation  and  folding  of  the  underlying  Columbia  basalt  have  given 
the  country  its  present  topography.  Much  of  the  sediment  has  also 
been  removed  by  erosion,  and  streams  have  cut  deep  channels 
through  the  basalt,  which,  though  very  hard,  rapidly  disintegrates 
when  exposed  to  air  and  water.  The  accompanying  relief  map  (fig.  1 ) 
will  give  the  reader  a  general  idea  of  the  topography  of  the  country. 
With  the  exception  of  the  valleys  along  the  streams,  practically 
the  entire  area  included  in  these  studies  consists  of  one  vast  expanse 
of   undulating,    treeless   hills.     In   some   localities   the   inclines   are 
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Mmj)  showing  the  rainfall  at  points  in  and  near  the  Columbia  Basin,  expressed  in  inches. 


^(Mitlo,  but  (he  t^eneral  surface  is  c[uite  rolling.  Near  the  mountains 
it  is  oftcMi  stoop.  Tlio  elevation  varies  from  a  few  hundred  feet 
ahmir  tho  Columbia  River  to  as  much  as  3,000  feet  in  parts  of  the 
(s-istorn  portion  of  the  region. 

'V\w  accompanying  rainfall  map  (fig.  2),  prepared  from  the  reports 
i)['  the  Tnited  wStates  Weather  Bureau,  shows  the  average  annual 
rainfall  to  be  less  tlian  6  inches  at  points  along  the  Columbia 
KivcM".  This  gradually  increases  with  the  elevation  and  distance 
fnmi  the  river  until  an  annual  rainfall  of  23  or  24  inches  is  reached 
in  the  foothills  of  the  Blue  and  the  Bitterroot  mountains. 
;;ir)'jo— No.  294—07 2 
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Fk;.  :'..     Din^r.'iins  showing  the  monthly 
]);n(«l  with  ])«)ints  on  tho  (Jrcat  Plain! 
lines. 
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(list  ril)ution  of  rainfall  at  points  in  tho  Columbia  Basin  com- 
.    The  monthly  rainfall  in  inches  is  shown  by  heavy  vertical 
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The  average  monthly  rainfall  of  the  arid,  semiarid,  and  humid  sec- 
tions of  the  Columbia  Basin  is  shown  diagrammatically  in  figure  3. 
In  order  that  the  reader  may  realize  the  striking  difference  between 
the  t^-pe  of  rainfall  of  the  Columbia  Basin  and  that  of  the  Plains 
region  east  of  the  Rocky  Mountains,  figure  3  also  includes  the  aver- 
age monthly  rainfall  of  Garden  City,  Kans.,  North  Platte,  Nebr.,  and 
Highmore,  S.  Dak. 

Near  the  Columbia  River,  where  the  rainfall  is  lightest,  it  will  be 
seen  that  the  dry  season  extends  from  March  to  OctQber,  inclusive. 
Even  during  the  winter  months  the  rainfall  is  very  scant.  East- 
ward from  the  Columbia  River  the  dry  season  gradually  decreases  in 
length  and  severity.  Near  the  Blue  and  the  Bitterroot  mountains 
the  dry  season  is  confined  entirely  to  the  summer  months,  while  the 
rainfall  is  cjuite  well  distributed  throughout  the  remainder  of  the 
yenir.  It  must  be  remembered  that  in  the  Columbia  Basin  the  rains 
are  seldom  torrential.  Although  the  general  surface  is  rolling  the 
soil  washes  verv  little. 

SOILS. 

There  are  two  general  types  of  soils  in  the  Columbia  Basin — resid- 
ual and  sedimentary. 

The  residual  soil  occupies  practically  the  entire  wheat-producing 
area  of  the  region.  It  is  mainly  the  result  of  the  weathering  and 
disintegration  of  the  Columbia  basalt,  and  is  a  very  fertile  soil.  In 
the  (^astern  portion  of  the  region — the  humid  section — it  consists  of 
of  a  frial)l(»,  dark-brown  silt  loam,  with  a  depth  ranging  from  a  few 
inches  to  about  3  feet.  The  subsoil  consists  of  a  liglit-brown  silt  loam. 
It  is  heavier  and  more  compact  and  plastic  than  the  surface  soil,  and 
ad'onls  good  storage  for  moisture  during  tlie  dry  season.  As  the  rain- 
fall (hnTcases  this  soil  becomes  ligliter.  In  the  drier  localities  it  is  a 
liirlit-gray  silt  loam,  with  a  depth  of  6  or  more  feet.  Owuig  to  its 
li<rlit,  asiiy  nature  it  is  known  locally  as  volcanic  ash. 

Tlie  sedimentary  soil  is  the  result  of  sediment  and  volcanic  mate- 
rial deposited  in  ancient  Lake  John  Day.  It  occupies  an  area  of  low 
altitude  along  the  Columbia  River  and  its  tributaries.  There  is  no 
(Ie1init(»  line  of  demarcation  between  this  and  the  residual  soil.  Most 
of  this  sedimentary  type  of  soil  that  is  under  cultivation  is  irrigated. 
The  residual  soils  are  at  higher  levels,  and  are  not  irrigated. 

AGRICULTURAL  HISTORY. 

There  an*  two  distinct  agricultural  sections  in  the  Columbia  Basin. 
ihw  of  tlu^se  consists  of  the  valleys  along  the  streams,  where  irrigaticm 
is  practiced;  the  other,  of  the  upland  prairies,  where  crops  are  pro- 
duced witliout  irrigation.  It  is  only  with  the  latter  type  of  farming 
that  this  l)ull(»tin  is  concerned. 

By  referring  to  the  foregoing  rainfall  map  it  will  be  seen  that  the 
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central  part  of  the  Columbia  Basin  is  exceedingly  dry,  while  the  east- 
em  portion  receives  the  heaviest  annual  rainfall.  Because  of  these 
conditions  settlements  were  first  made  in  the  eastern  pprtion  of  the 
region,  adjacent  to  the  Blue  and  the  Bitterroot  mountains.  When 
these  first  settlements  were  made  it  was  thought  that  only  a  com- 
paratively narrow  belt  of  land  adjacent  to  these  mountains  was  of 
any  value  for  farming.  The  remainder  of  the  region  was  considered 
of  value  only  for  grazing  purposes. 

The  first  great  impulse  toward  agricultural  activity  was  felt  from 
twenty-five  to  thirty-five  years  ago.  Since  the  early  settlement  of  these 
most  humid  sections  the  homesteader  has  gradually  pushed  agricul- 
ture back  into  the  dry  region,  until  now  practically  all  of  the  land  that 
will  successfully  produce  crops  without  irrigation  is  under  cultivation. 

From  the  very  beginning  of  the  agricultural  development  of  the 
region  cereal  crops  have  been  grown  almost  exclusively.  While 
alfalfa,  timothy,  com,  potatoes,  fruit,  etc.,  are  produced  in  many 
parts  of  the  country  they  all  sink  into  insignificance  when  com- 
pared with  the  cereals,  especially  wheat. 

The  following  table  gives  the  acreage  and  production  of  the  cereal 
crops  in  the  Columbia  Basin  in  1899.  Since  that  date  large  areas 
have  been  brought  under  cultivation  and  these  figures  would  be 
materially  increased  in  many  of  the  drier  counties  were  there  com- 
plete data  at  the  present  time. 

Acreage  and  production  of  barley,  corn,  oats,  rye,  and  wheat  in  1899,  by  counties. 
NORTHERN  IDAHO. 


Countios. 


Idaho 

Latah 

Noz  Perec . 


Barley.  Com.  Oats.  Rye.  Wheat. 

Acres.    Bushels.;  Acres.:  Bushels.  Acres.  Bushels.    Acres.' Bushels    Acres,  i  Bushels. 


9,137     272.280  I 

r),r>9r)  ,  i77,8io  ' 

12.  TA^)  '  :«0,600 


46  I 

r^  I 

l.lfi7 


1,280  2,35,5 
12,«10  il0,030 
28.210  i  4,673 


73,920 
349,361  : 
166,500 


98  ! 
22  ; 
14  i 


2,280 
480 
360 


10,940  j  230.446 
63,770  I  1,584,  iW 
53,178  '  1,110,280 


Gilliam... 
Morrow... 
ShermHn.. 
Umatilla  ( 
Keser\at 
Wasc( 


KASTKRN  OREGON. 


a  nd 

ion)  . 


394  '  43.870 
201  j  76,6.50 
763       42,2.30 

2i'J  429.6<iO  1 
■)44  I     7.'>,700  I   1 


420 
340 

2. 6')0 


448 

')90 

1.718 


13.820     2,00.') 
14.1')0     2,424 


6,420  ' 
9,720 
34, 120 

.'>4, 980 
49,280  1 


513 

1,632 

.% 

491 

83 


4,900 

11,070 

680 

5,840 


45,950 
43,389 
91,100 

193,577 
39,510 


406,480 

381,350 

1,050,400 

3,494,370 
504,980 


KASTKHN  WASHINGTON. 


Adams 

Asotin 

Colunibiii  . .. 

DouK'his 

Franklin  .  .  . 
(iarfi.'id.  .  .. 

Kittilas 

Klickitat... 

Lincoln  

Si)okanc 

Walla  walla  . 

Whitinan..  . 

Yakima      a  i 

Benton. . . 


'.•22 

26.27;< 
4.40;i 


26,  7M) 

70.  2<iO 

811.160 

77.490 


2;i()»i7 

2.  S.SS 

:{.207 
9..ViO 

;i.:<7.'. 

1 1 .  484 

•2S.Xi7 


t).V).9<K) 
88.1.50 
78.;{40 

2,i9.()20 
87.220 

•AH2.  UK) 


1,914        ;<6.920 


198 

43 

1,644 

447 

X] 

142 

19 

2:i7 

2;i9  I 

20S  ! 

1 .  20<,» 

1 . 9.50 

<i97  I 


:{.2(K) 

1.910 
:i4.800     2 

•>.  2;U)     3 
370    .. 

3.810 
410      2 

2.410  ,  2 

4.640  I  3 

4.1(X)    16 
32.140      1 


849 
.30 


•2.3.  430 

3'20 

102,610 


43 
.041 
.468 
.409 
,  7.59 
,  913 
..3.52    1, 


1 .  990 
76.  l.-)0 
.57.890 
9f).780 

4.5.5.218  I 
77.. 5.56 

023.890  ! 

.13.090 


209  ; 

2,4.57 

74 

1,020 

'>-,    ; 

300 

14.5  i 

1,030 

240 

4,800 

♦i7 

2,528 

31,5 

4,220 

207 

3,816 

119 

1.380 

r.io 

1'2.5 


590 
2,220 


9,406 

44,729 

64,286 

152 

40,588 

8,574 

49,328 

218,942 

89,768 

152,998 

280,194 


1,203,670 

103,950 

1,083,300 

757, 123 

4,040 

799,890 

199,310 

766,360 

3.618,930 

1.580,880 

3,853,910 

6,415,220 


3,560     16,394         210,240 
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In  the  eastern  portion  of  the  region — that  which  was  brought 
under  cultivation  first — a  cereal  crop  was  produced  annually  for 
.several  years.  Little  attention  was  given  to  the  quality  of  the  seed 
saA\ai  and  the  land  soon  became  infested  with  weeds,  especially  with 
wild  oats.  The  yield  also  decreased  and  it  became  necessary  to 
summer  fallow  occasionally. 

CEOPPING  SYSTEMS. 

A  very  large  portion  of  the  territory  under  consideration  now 
produces  a  crop  of  wheat  every  other  year,  the  wheat  alternating 
with  summer  fallow.  This  system  is  uniformly  followed  in  all 
localities  where  the  rainfall  is  scant. 

Near  the  mountains,  where  the  rainfall  is  heavier,  two  crops  are 
usually  growii  each  time  the  land  is  summer  fallowed.  After  sum- 
mer fallowing  a  crop  of  winter  wheat  is  usually  grown;  the  crop  that 
follows  this  may  be  either  barley,  oats,  or  wheat.  In  some  instances 
two  spring  crops  follow  tlie  winter  wheat — first  a  crop  of  barley  and 
tlien  a  crop  of  spring  wheat. 

SOIL  TILLAGE. 

Soil  tillage  in  the  Columbia  Basin  divides  itself  into  two  phases — 
summer  fallow  tillage  and  tillage  for  spring  crops.  The  former  will 
ho  considered  first. 

SUMMER    FAIiLOWnrO. 

When  questioned  as  to  why  they  summer  fallow,  farmers  usually 
<^ivo  tlu'co  reasons: 

(1)  To  conserve  moisture.  Considerable  wheat  is  now  produced 
on  each  side  of  the  Columbia  River  with  as  little  as  8  or  9  inches  of 
rainfall.  Under  such  dry  conditions  the  land  is  summer  fallowed 
(»v(»ry  other  year  in  order  to  conserve  the  rainfall  of  one  year  for  the 
use  of  the  gi'owing  crop  the  next  season.  Even  near  the  mountains, 
wh(»re  the  rahifall  Ls  heaviest,  the  conservation  of  moisture  is  usually 
given  as  the  important  reason  for  sunamer  fallowing. 

(2)  To  eradicate  weeds.  When  farm  land  becomes  foul  with 
we(M]s  the  yield  of  cereal  crops  is  greatly  diminished.  The  weeds 
roh  the  throwing  crops  of  both  moisture  and  plant  food. 

(i))  The  third  reason  for  summer  fallowing  given  by  farmers  is 
variable.  It  is  usually  about  as  follows:  To  get  the  soil  into  such 
coiulitioii  that  it  will  produce  satisfactory  crops. 

It  is  well  understood  that  while  land  is  being  fallowed  certain 
changes  take  place  within  the  soil  that  give  it  renewed  fertility.  As 
to  just  what  these  clianges  are  and  how  they  take  place,  there  is  yet 
much  to  learn.     However,  some  of  the  conditions  that  are  favorable 
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to  these  changes  are  known,  and  one  of  them  is  the  maintenance  of  a 
moist,  mellow,  and  thoroughly  aerated  surface  soil.  This  condition, 
which  is  secured  b}^  plowing  and  frequent  surface  cultivation,  is 
favorable  to  desirable  bacterial  life,  the  decomposition  of  the  stubble 
and  other  organic  matter  that  is  incorporated  into  the  soil  by  cultiva- 
tion, and  the  production  of  available  plant  food. 

Methods  of  Summer  Fallowingr- 

In  making  the  study  previousl}^  referred  to  the  following  methods 
of  summer  fallowing  were  found  in  use  in  various  parts  of  the  country: 

(1)  Late  plowing  with  no  cultivation.  —  This  method  is  practiced 
most  frequently  where  there  is  considerable  rainfall.  The  land  is 
plowed  just  as  late  in  the  spring  as  possible,  and  no  further  cultiva- 
tion is  given.  The  object  in  plowing  so  late  is  to  get  all  the  pasture 
possible  before  plowing  and  to  have  the  soil  break  up  in  a  cloddy 
condition  and  become  so  dry  before  it  is  plowed  that  no  weed  seeds 
will  germinate.  If  no  weeds  come  many  think  that  plowing  is  all 
the  cultivation  that  is  necessary.  Cattle  and  horses,  and  in  some 
instances  sheep,  are  pastured  (m  the  summer  fallow  to  keep  the  weeds 
down.  Many  do  this  class  of  work  because  they  are  farming  two  or 
three  times  as  much  land  as  can  properly  be  handled  with  their 
ecjuipment.  Others  profess  to  believe  in  it.  If  the  rainfall  is  con- 
sid(M'tiblc  and  is  well  distributed  through  the  growing  season,  good 
crops  arc  often  secured  J>y  this  method.  The  advocates  of  this  sys- 
tem say  it  is  desiral)l(^  to  have  the  ground  pass  through  the  winter 
rough  and  cloddy  in  order  that  the  depressions  may  catch  the  snow 
and  rain  water  and  prevent  it  from  running  off  the  surface.  They 
further  say  that  the  soil  runs  together  and  becomes  closely  packed 
(luring  the  wintcM'  if  it  is  finely  pulverized,  and  that  the  lumpy  con- 
dition secured  l)y  late  plowing  with  no  subsequent  cultivation  largely 
})revents  this. 

There  are  some  serious  objections  t(i  this  system  of  summer  fallow- 
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spring  as  early  as  the  ground  is  in  good  working  condition.  In 
practice  the  plowing  is  done  as  soon  as  the  spring  seeding  is  finished. 
Some  follow  the  plow  closely  with  the  common  tooth  harrow.  This 
settles  the  soil,  pulverizes  and  dries  the  surface,  and  prevents  the 
evaporation  of  a  great  deal  of  moisture.  Others  plow  large  areas 
before  harrowing,  permitting  the  soil  to  lie  loose  and  open  just  as  the 
plow  leaves  it.  In  this  loose,  open  condition  the  air  circulates 
through  the  soil  too  freely  and  dries  it  out  very  rapidly.  Although 
it  is  not  always  done,  it  is  usually  the  aim  to  do  enough  cultivating 
after  plowing  to  control  the  weeds.  Weeds  are  easiest  destroyed 
just  before  or  just  at  the  time  when  they  are  coming  through  the 
surface  of  the  ground.  At  this  stage  few  implements  are  the  equal 
of  the  common  tooth  harrow.  After  the  weeds  get  too  large  for  the 
harrow  many  farmers  use  the  slicker  (fig.  4),  some  form  of  a  blade  or 
knife  woeder  (figs.  5  and  7),  or  the  disk  harrow. 

The  slicker  is  used  in  many  parts  of  the  country.  It  is  easily  and 
cheaply  constructed.  It  is  usually  about  12  feet  wide,  with  four  run- 
ners.     The    runners    are 

made   of  2  by  6   inch  or     J^ ^ [f^  ^ 

2  l)y  S  inch  scantling. 
Boards  are  nailed  on  top 
of  the  runners.  An  iron 
rod  five-eighths  of  an  inch 
in  diameter  is  fastened  at 
the  back  end  of  the  run- 
ners so  that  it  drags  in  the 
soil  1  to  2  inches  below 
the  sui-face.  A  thin  bar 
of  steel  as  long  as  the 
width  of  the  implement,  about  2  inches  wide  and  sharpened  on  the 
front  edge,  is  sometimes  used  instead  of  the  iron  rod.  The  bar  is 
l)olted  to  the  bottom  of  the  back  end  of  the  runners.  The  weight  of 
the  driver  who  rides  the  implement  causes  the  rod  or  knife  to  run 
just  under  the  surface  of  the  ground.  When  the  rod  clogs,  it  is 
dumped  l)y  lifting  on  the  handles  shown  in  the  cut.  It  works  very 
nicely  wlien  the  soil  is  smooth,  finely  pulverized,  and  reasonably  free 
from  stubble  and  other  trash.  When  the  slicker  is  to  be  used,  care 
should  be  exercised  in  turning  the  stubble  under  well.  The  same 
care  is  nec(»ssarv  in  the  use  of  the  blade  weeders.  Keeping  the  blades 
or  knives  sharp  is  one  of  the  chief  secrets  in  the  successful  use  of  these 
weeders.  Most  farmers  cultivate  only  to  destroy  the  weeds.  Some 
realize  the  ini|>ortance  of  saving  the  soil  moisture  and  aim  to  culti- 
vate* s(»v('ral  times,  especially  after  rains,  for  this  purpose. 

S(»veral  instances  came  under  the  observation  of  the  writer  during 
(he  autunui  of  1906  where  sufficient  moisture  had  been  retained  by 
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this  method  of  summer  fallowing  to  germinate  early-sown  wheat  and 
give  good  stands.  There  is  no  difficulty  in  doing  this  where  the 
rainfall  is  heaviest,  but  the  instances  referred  to  were  in  localities 
having  as  little  as  12  to  13  inches  of  rainfall. 

(3)  Eight  lapping. — Still  another  method  of  summer  fallowing  is 
that  of  right  lapping.  In  parts  of  Adams  and  Franklin  counties, 
Washington,  the  right-lap  cutaway  harrow  (fig.  6)  has  been  used  for 
nine  or  ten  years  in  cultivating  summer  fallow  land.  Where  used 
this  implement  takes  the  place  of  the  plow  entirely. 

As  soon  as  the  spring  seeding  is  done  the  land  to  be  summer  fal- 
lowed is  cultivated  with  the  right-lap.  If  there  is  no  seeding  to 
be  done,  this  first  cultivation  is  given  just  as  early  as  the  condivion 
of  the  soil  will  permit.     During  the  first  cultivation  the  disks  of  the 

right -lap  run  about  4 
inches  deep.  It  will  be 
seen  that  weed  seeds  are 
not  covered  too  deeply 
to  germinate.  By  the 
time  the  first  cultivation 
has  been  completed — 
from  four  to  six  weeks — 
a  crop  of  weeds  has  usu- 
ally made  its  appearance 
on  the  ground  first  gone 
over,  and  it  is  necessary 
to  begin  the  second  cul- 
tiv  a  t  i  o  n  immediately. 
^^•'^*'^"'''^'  The  disks  being  large  and 

set  at  a  considerable  angle  will  run  from  5  to  6  inches  deep  and  turn 
the  soil  and  cover  weeds  quite  well.  This  second  cultivation  usually 
destroys  a  good  crop  of  weeds. 

Usually  ^^v^    /'iifi-^ifuuio  nith  the  right-lap  is  all  the  cultivation 

'ni^  again,  some  use  the  right-lap  the 
•  '    ^'",  sh^'^^^,  or  some  other  form  of 
s^\i-^'        til  this  method,  and  it  is 
.     ^'  -^^hIIa^  Wash. 

^  1   harrow  imnie- 

••••        that  a  great 

'    larrow  would 

••--  iiv  iight-lap  cut- 

int-  too  freely  in 


Fig.  5.— a  woeder  used  i)rincipiilly  in   the  Walla  Walla  Valley. 
By  putting  six-tions  togcthor  it  may  l>t'  made  as  wide  as 


]h^ 


iiawalla,  Lin- 

^orce  County, 

uning  into 
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use.  It  must  be  remembered  that  farmers  are  taking  up  this 
method  independently  of  each  other,  and  in  localities  that  are  sepa- 
rated by  considerable  distances.  Just  as  early  in  the  spring  as  the 
ground  is  in  good  working  condition  or  as  soon  as  the  spring  seed- 
ing has  been  completed,  the  land  to  be  summer  fallowed  is  disked. 
Some  disk  but  once,  while  others  double-disk  and  then  use  a  smooth- 
ing harrow.  Most  farmers  are  ready  to  concede  that  the  more  culti- 
vation given  the  better.  By  this  surface  cultivation  a  loose  mulch 
is  formed  over  the  entire  area  to  be  summer  fallowed  much  more 
quickly  than  it  could  be  plowed.  This  saves  much  of  the  soil  mois- 
ture, for  evaporation  always,  takes  place  rapidly  in  the  spring  from 
land  that  is  packed  by  the  winter  rains.     By  the  conservation  of 


Ki<i.  (..     A  right-lap  cutaway  harrow,  used  as  a  substitute  for  the  plow. 

moisture  in  this  way,  plowing  may  be  delayed  as  much  as  four  or 
llv(»  \ve(»ks. 

In  parts  of  l.ineoln  County,  Wash.,  where  early  surface  cultivation  is 
])ni('tic(Ml  the  plowing  is  usually  done  just  as  late  as  possible.  No 
other  eultivation  is  then  given.  The  summer  fallow  often  lies  over 
until  spring  before  it  is  sown  to  wheat,  and  it  is  thought  best  to  have  it 
pass  through  the  winter  in  a  rough  and  cloddy  ccmdition.  The  reason 
for  this  is  {\\o  same  as  that  given  in  discussing  the  first  method  of 
suinnier  fallowing,  viz,  to  keep  the  soil  from  running  together  so 
much  (luring  the  winter. 

In  most  other  localities  where  disking  in  the  early  spring  is  prac- 
ti('(Ml,  the  |)lowing  is  (hme  from  four  to  six  weeks  after  the  land  has 
been  diskiMl  and  harrowed.  The  land  is  plowed  in  the  order  in  which 
it  is  disked,  and  the  harrow  closely  follows  the  plow.     It  is  usually 
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« 

the  aim  to  do  enough  subsequent  cultivation  to  keep  the  weeds  sub- 
dued. Some  realize  the  importance  of  cultivation  to  retain  moisture, 
even  though  the  land  may  be  reasonably  free  from  weeds.  The 
writer  knows  of  summer  fallow  land  that  received  six  and  eight 
cultivations. 

There  is  much  to  commend  this  method.  The  disking  and  har- 
rowing in  the  early  spring  before  plowing  form  a  loose  mulch  on  the 
entire  area  to  be  summer  fallowed  much  more  quickly  than  it  could 
be  plowed.  This  saves  a  great  deal  of  moisture,  for  the  land  plowed 
last  often  becomes  very  dry  when  plowing  is  the  first  operation. 

Most  weed  seeds  germinate  best  if  not  covered  very  deeply.  When 
lying  on  the  surface  of  the  ground,  the  plow  often  covers  them  so 
deeply  that  they  do  not  germinate  until  turned  up  near  the  surface 
again  by  subsequent  plowing.  Early  surface  cultivation  covers  these 
seeds  lightly  and  gives  them  a  chance  to  germinate  before  the  plowing 


Fig. 


A  \voo<l«T  us«'(l  in  parts  of  eastern  Oregon    an  t'ffwtivo  hut  expensive  implement. 


is  (lone.     The  plow  tlien  destroys  a  crop  of  weeds,  usually  a  heavj^ 
one.     In  this  way  practically  all  of   the  weed  seed  of   the  previous 
season's  crop  may  b(^  germinated  before  ])lowing  and  a  clean  surface 
«oil  turned  under. 

Earh'«"^^-»^'^  "i^^*    »^i'  i  «lcw   ^p,,coo  *}ioc/ q  {q  plow  more  easily,  and 
,iinl'ov       .   .......  ..  ,..    '   ...       This  is  especially  notice- 

'»  •  ••  I"   "i^^'^s  in  the  fallinhaul- 

.-  ..         .      ip^i'^rif  harrowing 

'        accidentally 
^reat  deal  of 

-avy  stubble. 

o-ly  covers  it, 

»■  ier  much 

'  '  •'  iiowing  is  not 

•  le  immediate 

^his  condition 
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of  the  soil  is  favorable  to  the  conservation  of  moisture  and  the  ger- 
mination of  the  weed  seed  turned  up  by  the  plow.  Later  cultivation 
destroys  this  crop  of  weeds  and  helps  to  retain  moisture.  The  more 
moisture  retained  in  the  soil  while  fallowing  the  greater  will  be  the 
decomposition  of  tlie  stubble  and  other  organic  matter.  Chemical 
action  in  tlie  soil  is  also  favored,  thus  providing  more  mineral  plant 
food . 

It  will  he  seen  that  practically  all  of  the  soil  turned  by  the  plow 
can  be  cleaned  reasonably  well  from  weed  seed.  The  thorough 
cultivation  before  plowing  cleans  the  surface  soil  before  it  is  turned 
under,  and  the  subsequent  cultivation  cleans  that  which  is  turned 
up  to  tlie  surface.  In  this  way  a  clean  seed  bed  is  obtained.  Men 
who  are  using  tliis  system  say  that  land  badly  infested  with  wild  oats 


Kir,,  s.  — A  oorrnpjilo<l  roller  us<m1  to  pack  \ho  lowor  part  of  tlio  furrow  slie*'. 

ran  ]w  cleaned  reasonably  well  in  this  way  by  two  years'  summer 
rnllowiut^,  raising  one  crop  of  wheat  in  the  meantime. 

A  U'w  farmers  make  a  practice  of  disking  land  in  the  early  autumn 
that  is  to  he  fallowed  the  next  summer.  Were  this  to  become  a 
coininon  |)raeti('e  it  would  be  a  valuable  addition  to  the  present 
methods.  By  early  fail  disking  weed  seeds  are  covered  and  caused 
to  <:erniinat(N  the  soil  is  put  in  better  condition  to  take  the  winter 
rain  and  snow,  and  stuhhle  is  covered,  or  partially  so,  and  its  jlecom- 
position  hasteneil.  The  soil  usually  works  much  better  in  the  spring, 
and  less  surface  cultivation  is  needed  l)efore  plowing. 

(."))   Subsurface  packing.^  [n  addition  to  l\\e  last  method  of  summer 
fallowinu'  dcscrilxMl,   two   m)eciiil    in\p\enveT\ls  are  used  in  different 
j)aits  of  the  country  for  .S(^*Ji[n<'  a^^^  pacVvi\^ V\\e \ower  portion  of  the 
One  of  (1  iniplem^t^ts  \s  a  corrugated  roller,  the 


)f  the  counti 
furrow  slice, 
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comicrations  of  which  are  sharp  and  wedge  shaped  (&g.  8).  The 
fievf^l  of  the  corrugations  reaches  from  the  outer  run  to  the  large  axle 
to  which  the  corrugations  are  attached.  This  roller  has  been  used 
in  the  vicinity  of  Wasco.  Oreg..  for  a  number  of  years.  The  other. 
implement,  the  subsurface  packer,  has  been  introduced  more  recently. 
It  consists  of  a  series  of  wheels  upon  a  long  shaft  (fi^.  9).  The  rims 
of  these  wheels  are  wedge  shaped. 

As  explained  before,  land  that  has  just  been  plowed  is  loose  and 
open,  containing  many  air  spaces.  This  open  condition  permits  the 
air  to  circulate  quite  freely  in  the  soil,  which  dries  it  out  quickly. 
While  it  is  desirable  that  the  air  shoidd  enter  the  soil  and  that  noxious 
gases  arising  from  the  decomposition  of  organic  matter  should  escape, 
there  is  little  danger  of  getting  the  lower  portion  of  the  soil  tiu^neil  by 


FiG.'v   -A  sui'StirfiiOf  packor. 

tlic  plow  into  a  too  compart  condition  in  at  least  the  major  portion 
of  the  ('(duniMa  Ba>in.  In  fact,  summer  fallow  land  usually  ilries 
out  a-  <:c«-j>  as  it  i>  plowed  because  it  is  tr>o  open.  In  summer  fallow- 
iri'j-  an  effort  slioiih!  lie  made  to  <ret  the  hulk  of  the  soil  that  has  l)een 
T Mined  hy  the  j;l<>w.  esfx-cially  the  lower  portion,  pulverized  and 
parked  -'»  closely  that  the  air  will  <-Li-culate  in  it  very  slowly. 

\\  h'-ii  the  (M.rru;:ated  roller  or  tlie  j^acker  is  used  on  the  summer 
fallou  land  ii  <l<)>ely  follows  the  j>low.  It  should  never  be  used 
V.  h<!i  TJir  -.  .d  i".  wrt.  for  the  })ackinL"  will  cause  the  soil  to  run  together. 
Ii".'  ;:'  the  j.jou  in;/  has  heen  done  whe.i  the  soil  breaks  up  in  a  mealy, 
_T;i:ri].ij-  eoiiditioii.  the  mashiuLT  of  these  wed<re-sliaped  siU"faces  into 
th  •  -oil  iill>  up  the  air  cavities  and  presses  the  soil  granides  together 
without    .miiin^^  them.     This  causes  the  air  to  circulate  in  the  soil 
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very  slowly,  and  in  this  way  the  amount  of  moisture  lost  by  evap- 
oration is  greatly  reduced.  Water  passes  from  a  soil  that  is  moist 
and  in  this  mealy,  granular  condition  into  a  dry  soil  very  slowly. 
In  order  to  save  the  greatest  amount  of  moisture,  then,  it  should  be 
tlie  aim  to  dry  the  surface  soil  just  as  quickly  as  possible  after  plow- 
ing and  packing.  This  is  done  by  stirring  the  surface,  usually  with 
a  common  tooth  harrow.  The  surface  is  then  kept  dry  by  frequent 
surface  cultivations.  In  conserving  moisture  it  is  also  very  essential 
that  the  surface  be  stirred  after  each  rain  that  wets  down  to  the 
moist  soil  or  forms  a  crust  on  the  siu'face. 

The  following  instance  illustrates  the  value  of  subsurface  packing 
in  the  Columbia  Basin: 

Mr.  D,  Buchanan  summer  fallowed  400  acres  near  Ritzville,  Wash. 
With  tlie  exception  of  running  the  packer  over  70  acres,  the  entire 
field  received  the  same  treatment.  The  whole  field  was  sown  to 
winter  wlieat.  At  harvest  time  the  70  acres  outyielded  the  remain- 
der of  the  field  5  bushels  per  acre.  The  corrugated  roller  has  given 
about  the  same  results  in  eastern  Oregon. 

TILLAGE  FOB  SPRING  CROPS. 

Tillage  for  spring  crops  is  quite  uniform  throughout  the  Columbia 
Basin.  The  plowing  is  usually  done  in  the  spring  as  early  as  condi- 
tions of  tlie  soil  and  weather  will  permit.  Too  often  the  plow  runs 
tlie  same  depth  year  after  year,  both  when  plowing  summer  fallow 
land  and  for  spring  crops.  This  causes  a  hard  crust  or  false  hardpan 
to  form  just  under  the  plow  furrow.  Careful  farmers  prevent  this 
crust  from  forming  bv  varying  the  depth  of  plowing  from  year  to  year. 

In  atldition  to  the  plowing,  the  tillage  given  for  spring  crops  usually 
consists  of  sowing  the  seed  with  a  disk  drill  and  harrowing  the  land 
t  \vi('(\  With  no  more  cultivation  after  plowdng  than  this,  it  is  safe  to 
say  that  the  lower  two-thirds  of  the  soil  turned  by  the  plow  is  never 
])iilv(Mi/e(l  or  sufliciently  compact.  It  is  too  loose  und  open;  the  air 
circulatc^s  through  it  rapidly  and  it  dries  out  quickly. 

The  following  illustrates  the  value  of  thoroughly  settling  and  pack- 
ing the  soil  when  preparing  it  for  spring  crops: 

Two  farmers  living  in  Lincoln  County,  Wash.,  had  adjoining  fields, 
witii  a  road  miming  l)etween  them.  They  plowed  at  the  same  time 
and  at  the  same  depth.  They  also  sowed  the  same  variety  of  wheat 
on  tiu^  same  day.  One  of  them  harrowed  ten  times  as  much  as  the 
otiier  and  iiarvested  27  bushels  per  acre  to  his  neighbor's  17. 

Wiiere  the  corrugated  roller  and  subsurface  packer  have  been  intro- 
(luctMJ,  they  are  used  for  settling  and  packing  the  soil  for  spring  crops. 
Farmers  in  eastern  Oregon  who  use  the  cormgated  roller  say  that 
their  seed  germinates  much  better  and  that  the  3deld  is  several  bushels 
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more  per  acre  wtien  they  use  the  roller  just  after  drilling  in  the  grain. 
They  also  say  that  it  would  pay  to  use  this  implement  even  though 
there  were  no  increase  in  the  yield.  This  is  because  the  ground  is  so 
much  firmer  at  harvest  time,  which  enables  them  to  cut  the  grain  so 
much  more  easily  and  cheaply. 

If  neither  the  corrugated  roller  nor  the  subsurface  packer  is  avail- 
able the  disk  harrow  is  sometimes  used  instead.  It  is  set  perfectly 
straight  and  weighted  to  make  it  cut  deeply.  Used  in  this  way  it 
does  very  effective  work  in  settling  and  packing  the  bottom  of  the 
furrow  slice. 

There  is  considerable  fall  plowing  done  for  spring  crops.  It  is  gen- 
erally conceded  that  better  yields  are  secured  from  fall  plowing  than 
from  spring  plowing,  provided  the.  land  is  reasonably  clean.  There 
are  several  reasons  for  this.  Soil  left  rough  and  porous  as  it  comes 
from  the  plow  holds  the  snow  better  and  takes  the  snow  and  rain  much 
better  than  land  tliat  is  unplowed.  By  seeding  time  in  the  spring 
the  winter  rains  have  settled  the  soil  sufficiently  to  form  a  good,  firm 
seed  bed.  In  other  words,  the  winter  rains  put  the  bottom  of  the  fur- 
row slice  in  practically  the  same  condition  as  does  the  subsurface 
packer  or  the  cornigated  roller.  When  in  this  condition  there  is  a 
very  much  better  upward  capillary  movement  of  the  moisture  than 
is  usually  secured  from  spring  plowing.  Again,  by  plowing  in  the 
autunm  the  stubble  and  other  trash  on  the  surface  of  the  ground  are 
covered  and  given  a  better  chance  to  decay.  Getting  the  stubble  well 
covered  is  an  important  item,  and  to  accomplish  this  the  jointer 
or  a  chain  is  often  attached  to  the  plow  beam.  When  the  land  to  be 
summer  fallowed  is  reasonably  clean,  some  plow  in  the  fall  for  these 
same  reasons. 

VARIETIES  OF  WHEAT  GROWN. 

There  are  many  varieties  of  wheat  grown  in  the  (\)lumbia  Basin. 
The  following  list  'ncludos  practically  all  of  them:  Little  Club,  Salt 
T^ake  Clul:  '^^n.  liih  ^^T-Mkod-Xcck  Chih,  Australian  Club,  Red 
.hair     lemv.-.       <■    ^      ^  Muestem,  Red  Allen,  White  Elliott, 

^''o^•'       '■       '     ..    .  v'u-liL'o,  (lold  Coin,  Wliite  Tuscan, 

• ■•  '^^'^^^r.  Wolf  Hybrid,  Canadian 

•  ^        ^"-<'an,  Jones  Fife,  Arca- 

•        •       '^-     "  durum  wheat. 

'I'^H  in  any  par- 

•        ■  •        V   -uotheColum- 

^  .         M        x^ld,  in  their 

•       '  •  ditions.     So 

•   •  irownupon 

1  concerned. 

•  )es^  varieties 
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the  conditions  would  be  much  more  satisfactory.  The  varieties  would 
then  become  standardized.  The  miller  would  know  what  he  was  buy- 
in^:,  and  the  producer  what  he  was  selling. 

To  test  and  study  all  of  these  varieties  of  wheats  sufficiently  to  deter- 
mine which  are  best  adapted  to  the  arid,  semiarid,  and  humid  sections 
of  the  Columbia  Basin  is  no  small  undertaking.  So  many  of  them  have 
been  grown  for  so  short  a  time  and  in  such  small  quantities  that  it  is 
out  of  the  question  to  pass  reliable  judgment  upon  them.  Therefore, 
in  the  pages  that  follow  only  those  varieties  will  be  discussed  that 
have  been  grown  long  enough  and  in  sufficient  quantities  to  warrant 
an  estimation  of  their  worth. 

In  selecting  the  most  profitable  wheat  to  grow,  it  is  not  always  pos- 
sible to  satisfy  both  the  farmer  and  the  miller.  A  wheat  of  poor  mill- 
ing (jualitics  may  be  a  heavy  yielder,  and  for  that  reason  very  profit- 
able to  the  producer.  What  is  said  regarding  the  milling  qualities  of 
the  wheats  imder  consideration  is  based  largely  upon  the  answers  to  a 
circular  letter  sent  to  the  millers  of  the  Pacific  Northwest.  In  judging 
the  milling  (|ualities  of  any  variety  of  wheat  the  locality  in  wliich  it  is 
grown  must  be  considered.  Two  samples  of  any  variety  of  wheat,  one 
giown  under  arid  and  the  other  under  humid  conditions,  will  differ 
very  materially  in  milling  qualities. 

SPRIKa  WHEATS. 

Spring  wheats  are  raised  throughout  the  Columbia  Basin.  In  the 
most  humid  part  of  the  region,  the  eastern  portion,  spring  varieties 
of  w  heat  are  sowti  in  both  autumn  and  spring.  When  sown  in  the 
fall  on  summer  fallow  land  they  are  frequently  winterkilled. 

Ill  that  portion  of  the  region  with  less  than  approximately  18  inches 
of  lainfall  (see  rainfall  map,  p.  9),  the  prevailing  methods  of  summer 
Inllowing  do  not  retain  sufficient  soil  moisture  to  germinate  early-sown 
wheat  before  the  fall  rains  come.  By  referring  to  the  table  .showing 
tlie  nionllily  rainfall  dLstribution  (p.  10)  it  will  also  be  seen  that  in  the 
arid  localities  the  fall  rains  do  not  come  until  November,  wliile  in 
the  humid  section  they  beghi  in  the  early  autunm.  In  the  semiarid 
section,  between  the  arid  and  humid,  the  fall  rains  are  uncertain. 

In  the  arid  section  considerable  wheat  is  sown  during  the  fall  in  the 
dry  soil.  The  grain  then  lies  in  the  soil  until  the  late  rains  come,  when 
suflieicMit  moisture  can  usually  be  relied  upon  to  germinate  the  seed 
and  sustain  the  young  plants.  Mr.  W.  W.  Weatherford,  of  Gilliam 
County,  Oreg.,  has  farmed  with  approximately  10  inches  of  rainfall 
for  t  went y-li ve  years.  He  always  sows  \\is  ^v\veal  in  the  fall  in  the  dry 
soil.  Tln(H*  times  during  the  twenty-five  years \\e  has  had  to  reseed. 
Tliis  was  not  because  his  m-ain  geriiiiuated  %,wA  l\ien  died  from  lack  of 
moisture,  but  because  it  v^.^^  wil^^^^^v\\eA' 
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In  tH^  eastern  portion  of  the  region,  under  humid  conditions,  little 
difficulty  is  experienced  in  getting  good  stands  of  fall-sown  wheat. 

In  the  semiarid  section,  where  the  fall  rains  are  uncertain,  there  is 
much  greater  risk  in  sowing  wheat  in  the  early  autumn  imder  the 
present  methods  of  summer  fallowing.  It  sometimes  happens  that 
just  enough  rain  falls  to  germinate  the  seed,  after  which  dry  weather 
prevails.  The  young  plants  then  die  from  lack  of  sufficient  moisture 
for  growth.  Because  of  these  difficulties  in  raising  winter  wheat  much 
of  the  summer  fallow  land  in  the  semiarid  belt  is  not  sown  in  the  fall. 
It  lies  over  until  spring,  when  it  is  sown  to  spring  wheat. 

The  following  are  some  of  the  most  important  varieties  of  spring 
wheat  now  being  grown. 

liittle  Club. 

The  Little  Club  was  probably  one  of  the  first  varieties  of  wheat 
brought  into  the  Columbia  Basin.  From  its  introduction  until  the 
present  time  it  and  Red  Chaff  have  been  the  leading  wheats  grown 
along  the  foothills  of  the  Blue  Moimtains.  For  years  it  was  the  lead- 
ing wheat  of  the  Palouse  country.  Until  the  last  few  years  it  was 
practically  the  only  wheat  grown  in  much  of  eastern  Oregon.  Al- 
though it  is  often  sown  in  the  fall  it  will  not  stand  the  winters  nearly 
so  well  as  some  of  the  true  winter  varieties. 

The  Little  Club  wheat  has  a  stiff  straw,  and  unless  the  growth  is 
very  rank  it  will  stand  a  long  time  after  it  is  ripe  without  falling.  It 
does  not  shatter  easily.  It  is,  therefore,  admirably  adapted  to  har- 
vesting with  the  ''combine  '^^  and  header.  The  Little  Club  variety 
yields  well,  and  in  its  territor}^,  the  moist  eastern  portion  of  the  Colum- 
bia Basin,  few  wheats  are  its  equal.  It  is  a  standard  wheat  on  the 
market. 

Bed  Chaff. 

The  Tied  Chaff  and  the  Little  Club  are  very  similar  wheats.    They  are 

adapted  to  practically  the  same  conditions  and  territory.     In  some 

Nxalities  tl^^  farmers  prefer  Red  Chaff,  while  in  others  Little  Club  is 

[w,  f.^w'if .        Fh^^e  seems  to  be  little  difference  '^^  their  milling  quali- 

1'  .  .      inll'^rr  T-i«-r  T?pr'  ^^«ff  firs      vhilc  Littic  Club  is 


\  has  red  chaff, 

hat  of  the  Little 

>  KiTj  conditions 

'*ars.      Under 


f^e  Pacific  coast. 
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these  diy  conditions  it  is  said  that  the  Jenkins  variety  yields  a  little 
more  and  stands  the  winters  and  hot  weather  a  little  better  than  the 
Little  Club  wheat. 

Early  Wilbur. 

The  Early  Wilbur  also  belongs  to  the  Club  type  of  wheats.  It  is 
about  ten  or  twelve  days  earlier  than  the  Jenkins  and  the  Little  Club 
varieties.  Because  of  its  eariiness  it  usually  fills  and  tests  well  when 
later  wheats  are  shriveled  by  the  dry,  hot  weather.  Those  growing 
this  wheat  speak  of  it  very  highly  as  a  spring  wheat.  When  sown  in 
the  fall  it  is  easily  winterkilled.  When  grown  with  about  10  inches 
of  rainfall  it  is  said  to  outyield  the  Jenkins  and  the  Little  Club  varie- 
ties one  year  with  another.  When  the  rains  continue  late  in  the 
spring  the  Jenkins  wheat  yields  the  best.  For  the  very  dry  localities 
the  Early  Wilbur  variety  should  prove  a  very  valuable  wheat. 

Bluestem. 

Where  the  annual  rainfall  is  less  than  18  or  19  inches  the  Bluestem 
is  usually  the  leading  variety  of  spring  wheat.  There  are  possibly 
two  ex('e})tions  to  this,  namely,  in  the  vicinity  of  Waterville,  Douglas 
County,  Wash.,  where  Red  Allen  is  in  the  lead,  and  in  parts  of  eastern 
Oregon  where  the  Club  varieties — Little  Club,  Crooked-Neck  Club, 
Jenkins,  and  Early  Wilbur — predominate.  Where  the  annual  rain- 
fall Ls  more  than  20  inches  it  usually  grows  too  rank  and  tall,  and  falls 
down. 

The  Bhu^stom  variety  is  sown  in  })oth  autumn  and  spring.  It 
stands  {he  winters  poorly,  however,  when  compared  with  the  true 
wint(»r  varieties.  It  has  a  straw  of  good  length,  does  not"!shatter  eas- 
ily, stands  the  dry  hot  weather  well,  and  always  commands  a  pre- 
mium of  from  2  to  8  cents  over  the  Club  varieties.  The  Bluestem 
contains  a  high  percentage  of  gluten,  and  when  milled  produces  a 
stron*^  flour  of  superior  white  color.  It  is  therefore  a  deservedly 
popular  wheat  with  the  millers. 

WINTEB  WHEATS. 

The  winter  varieticvs  of  wheat  are  grown  throughout  the  Columbia 
Basin.  In  the  arid  and  semiarid  sections,  where  difliculty  is  experi- 
enced in  getting  satisfactory  stands  of  fall-sown  wheat  on  account  of 
the  lack  of  moisture,  the  spring  varieties  predominate.  Wlien  a 
ti:oo(l  ^tand  of  winter  wheat  is  secured  it  is  generally  conceded  that  it 
will  outyield  s])ring  wheat  several  bushels  to  the  acre.  Where  the 
rainfall  is  >uflicient  to  germinate  early  fall-sown  grain,  summer  fallow 
land  is  always  sown  in  the  autumn. 

The  following  are  the  principal  varieties  of  winter  wheat  now 
bein<r  grow  n. 
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Bed  Russian. 

For  several  years  the  Red  Russian  variety  has  been  the  leading 
winter  wheat  in  eastern  Spokane  and  eastern  Whitman  counties, 
Washington,  and  in  Latah  County,  Idaho.  It  stands  the  winters  very 
well,  does  not  shatter  easily,  and  yields  satisfactorily.  Because  of  the 
heavy  growth  of  stems  the  Red  Russian  variety  is  one  of  the  best 
wheats  that  has  been  found  to  crowd  out  wild  oats.  The  milling 
qualities  of  this  wheat  are  very  poor,  and  it  usually  sells  for  3  cents 
less  than  the  Club  variety  and  for  5  cents  less  than  the  Bluestem 
wheat.     For  these  reasons  its  acreage  is  decreasing. 

Jones  Fife. 

At  the  present  time  Jones  Fife  wheat  has  a  larger  acreage  in  the 
dry  portions  of  the  country  than  any  other  winter  wheat.  The 
territory  in  which  it  is  grown  is  practically  the  same  as  that  of  the 
Bluestem  variety.  It  is  grown  very  little  where  the  rainfall  is 
heavy.  While  this  wheat  is  hardy  and  stands  the  winter  well,  many 
consider  it  inferior  to  Fort3rfold  or  Turkey  Red  in  this  respect.  It 
shatters  very  easily,  and  the  heads  are  long  and  drooping.  The  reel 
slats  of  the  header  push  many  of  these  drooping  heads  down  and  when 
cut  off  by  the  sickle  they  drop  to  the  ground  and  are  lost.  As  an 
export  wheat,  Fife  rates  with  the  Club  varieties.  It  is  not  their  equal 
as  a  milling  wheat,  and  its  flour  is  largely  used  for  the  export  trade. 
When  the  Fife  freezes  out  and  it  is  necessary  to  reseed  with  the  Blue- 
stem  variety  in  the  spring  some  of  the  Fife  wheat  usually  survives, 
giving  a  mixed  crop.     The  mixture  sells  for  Fife  prices. 

Fortyfold. 

Of  all  the  wheats  grown  in  the  Columbia  Basin  few,  if  any,  are 
better  adapted  to  the  entire  region  than  the  Fortyfold  variety.  It 
stands  tlie  winters  as  well  as  any  wheat  grown,  with  the  possible 
exception  of  the  Turkey  Tied.  The  Fortyfold  variety  is  very  early, 
and  escapes  much  of  the  hot  weather  in  the  dry  localities  that  later 
sorts  have  to  endure.  Its  earliness  is  also  a  great  advantage  in  the 
eastern  portion  of  the  region,  wIhtc  considerable  grain  is  often  dam- 
aged by  the  fall  rains.  Being  from  10  to  14  days  earlier  than  other 
varieties,  harvest  starts  that  much  sooner.  This  gives  a  better 
chance  to  care  for  the  grain  before  the  fall  rains  begin.  The  Forty- 
fold  variety  yields  well,  but  shatters  easily.  During  the  past  season 
(1900)  this  variety  sold  for  the  same  price  as  the  Bluestem  wheat. 
With  but  few  exceptions  the  millers  who  grind  this  wheat  generally 
agree  tluit  it  stands  between  the  Little  CHub  and  Bluestem  varieties 
in  milling  (qualities. 
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Turkey  Bed. 

The  Turkey  iied  variety  is  a  hard  winter  wheat,  adapted  to  about 
tlie  same  territory  as  Bluestem,  i.  e.,  localities  with  less  than  18 
inches  of  rainfall.  It  probably  stands  the  winters  the  best  of  any 
wheat  ^rown  in  the  Columbia  Basin,  and  unlike  most  true  winter 
wheats  shatters  very  little.  The  stems  have  but  little  foliage,  and  for 
this  reason  it  can  be  sown  thicker  than  most  wheats.  When  thin  on 
the  ground  it  is  inclined  to  fall,  but  if  thick  it  stands  up  quite  well. 
Where  the  rainfall  is  more  than  approximately  18  inches  the  growth 
is  often  too  great  for  the  strength  of  the  straw,  and  it  then  falls  down. 
However,  it  is  sometimes  sown  with  good  results  on  fall-plowed  stub- 
ble land.  Some  object  to  the  Turkey  Red  variety  because  it  is 
bearded.  Men  do  not  like  to  work  in  it.  Header  horses  are  usually 
fed  on  hcuided  wheat,  and  the  beards  make  their  mouths  sore.  If 
tli(^  Turkey  Red  variety  is  the  most  profitable  wheat  to  grow,  enough 
of  some  other  variety  can  be  grown  to  produce  feed  for  the  horses. 

It  is  the  opinion  of  experienced  growers  that  the  Turkey  Red  out- 
yields  the  Jones  Fife  variety  from  4  to  8  bushels  to  the  acre.  It  is 
v(Ty  heavy  and  seldom  tests  below  No.  1.  In  milling  qualities  it 
stands  next  to  the  Bluestem  variety.  The  bran  is  thin,  and  some 
millers  say  it  ])roduces  more  Hour  per  bushel  than  the  Bluestem  wheat. 
When  made  from  wheat  of  good  quality  the  flour  is  of  excellent 
stnMigth,  and  many  of  the  mills  are  now  grinding  it  for  the  bakers' 
trad(^  The  Turkey  Red  sold  for  1  cent  less  than  the  Bluestem 
variety  during  the  season  of  1906. 

There  is  ([uite  a  tendency  in  this  wheat  for  the  kernels  to  become 
starchy.  Perfect  kernels  are  hard,  homy,  and  flinty.  When  they 
become  yellow  they  contain  less  protein  and  more  starch.  The  cause 
of  this  retrogression  is  not  well  understood  and  presents  an  inter- 
tasting  subject  for  investigation.  For  seed  it  is  probably  safest  to 
plant  wheat  containing  as  few  yellow,  starchy  kernels  as  possible. 

THE  PERMANENCT  OF  THE  SINGLE-CROP  STSTEM  OF  FARMING. 

That  tlu»  wheat  lands  of  the  Columbia  Basin  will  produce  cereal 
crops  exchisively  for  an  indefinite  time  without  the  yields  declining 
is  a  very  general  opinion  amcmg  the  farmers  of  the  region.  But 
history  is  against  this  opinion.  Bountiful  harv^ests  for  a  number  of 
years  while  the  soils  were  new  and  then  a  decline  in  the  yields  have 
l)(*en  the  history  of  all  agricultural  regions  that  have  followed  a  single- 
crop  system.     A  few  examples  of  this  are  cited: 

AVlieat  was  pnxhiced  quite  successfully  in  central  New  York  for 
sonietliing  like  forty  years.  During  the  latter  part  of  that  period 
the  yields  began  to  (h^'line,  and  at  the  end  of  another  twenty  years 
they  wert*  so  low  that  exclusive  wheat  growing  became  unprofitable. 
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Ohio,  Indiana,  Illinois,  and  Iowa  have  each  in  turn  repeated  the 
history  of  New  York.  The  soils  of  these  States  were  productive  in 
the  beguining,  and  it  required  forty,  fifty,  or  sixty  years  for  the  single- 
crop  system  to  materially  reduce  the  yields. 

But  it  is  not  necessary  to  go  to  the  Eastern  States  to  cite  examples 
of  soils  whose  productiveness  has  been  greatly  reduced  by  the  same 
system  of  farming  that  is  being  practiced  in  the  Columbia  Basin. 
The  Willamette  Valley,  Oregon,  was  settled  about  sixty  years  ago,  and 
until  recently  wheat  was  the  principal  product  of  the  farm.  In  the 
beginning  large  yields  were  secured,  but  the  soil  soon  became  foul 
with  wild  oats  and  other  weeds.  The  summer-fallow  system  was 
then  adopted.  The  yields  gradually  declined  on  land  that  produced 
wheat  continually,  until  an  average  as  low  as  10  or  12  bushels  to  the 
acre  was  reached.  These  low  yields  are  driving  many  to  other  types 
of  farming,  and  the  Willamette  Valley  now  gives  promise  of  becoming 
one  of  the  leading  dairy  sections  in  the  United  States.  The  Sacra- 
mento Valley,  California,  is  another  excellent  example.  This  valley 
was  settled  some  fifty  years  ago,  and  has  produced  wheat  by  the  sum- 
mer-fallow system  (hiring  practically  all  this  time.  The  yield  has 
steadily  declined,  until  now  it  is  probably  as  low  as  10  bushels  per  acre. 

With  due  consideration  of  these  examples  of  agricultural  history, 
how  can  the  wheat  lands  of  the  Columbia  Basin  be  expected  to  main- 
tain their  productiveness  indefinitely?  Are  not  signs  to  the  contrary 
manifesting  themselves  in  parts  of  the  country  at  the  present  time? 
Twenty  years  ago  much  of  the  Palouse  country  gave  as  large  average 
yields  of  spring  wheat,  producing  crops  every  year,  as  are  now 
secured  from  winter  wheat  grown  by  the  summer-fallow  system. 
The  virgin  soils  of  the  Palouse  countr^rand  the  foothills  of  the  Blue 
Mountains  wen*  mellow  and  friable,  with  little  inclination  to  run 
togctluM".  As  stated  in  the  foregoing  pages  in  discussing  summer 
fallowing,  many  farmers  think  it  now  necessary' to  plow  the  summer 
fallow  so  late  that  the  soil  will  break  up  in  large  chunks,  this  rough, 
cloddy  condition  largely  preventing  the  soil  from  ninning  together 
(luring  the  winter.  Now  this  means  simply  that  this  system  of 
farming  sunnner  fallowing  and  raising  nothing  but  cereal  crops — 
is  continually  using  up  the  decaAang  vegetable  matter  in  the  soil 
faster  than  it  is  being  added.  This  gradually  renders  the  soil  more 
lifeless  and  more  inclined  to"  run  together. 

Another  source  of  great  loss  to  the  soil  is  the  practice  of  burning 
the  stuhhle  before  plowing.  Wliere  the  stubble  is  heavy,  it  is  difficult 
to  j)l()w  under,  and  the  easiest  way  to  get  rid  of  it  is  to  burn  it.  Many 
farmers  do  not  appreciate  the  influ(Mic(*  (hu'ayed  vegetable  matter 
(stul)l)l(\  niaiHire,  etc.)  has  upon  the  texture  and  water-holding  capac- 
ity of  the  soil.  For  these  reasons  these  farmers  burn  their  stubble 
before  |)l()wing. 
2y4 
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Depleting  the  soil  of  its  vegetable  matter  in  this  way  is  a  slow 
process,  and  it  is  difficult  to  predict  how  long  it  will  be  until  dimin- 
ished yields  force  upon  the  country  other  types  of  farming.  In  the 
drier  localities  the  yields  of  wheat  seem  to  be  holding  up  remarkably 
well.  In  fact,  many  claim  they  have  increased.  This  may  be  due, 
first,  to  better  methods  of  summer-fallow  tillage,  whereby  a  greater 
amount  of  soil  moisture  is  conserved.  In  the  second  place.  It  may  be 
due  to  an  increase  of  humus  in  the  soil.  The  dry  soils  of  the  Columbia 
Basin  were  not  rich  in  humus  when  first  brought  under  cultivation. 
When  the  grain  is  cut  with  a  header,  all  of  the  straw  possible  is  left 
upon  the  ground.  It  may  be  that  the  plowing  under  of  the  stubble 
is  adding  organic  matter  to  the  soil  faster  than  it  is  being  used.  At 
any  rate,  it  is  very  evident  that  the  drier  portions  of  the  Columbia 
Basin  will  stand  this  type  of  farming  much  longer  than  localities  near 
the  mountains,  where  the  rainfall  is  heavier. 

CONCLUSIONS. 

The  best  method  of  summer  fallowing  in  the  Columbia  Basin  con- 
sists in  diskintj  and  harrowing  in  the  early  spring  before  plowing, 
packing  tlie  sul)surface  immediately  after  plowing,  and  following 
this  by  sufficient  surl'ace  cultivation  to  retain  moisture  and  keep  the 
weeds  under  control.  While  this  method  is  not  in  general  use,  it  is 
becoming  more  popular  and  has  been  practiced  long  enough  to  demon- 
strate  its  superior  value.  Men  who  practice  this  method  estimate 
tluit  their  yields  of  wheat  are  about  25  per  cent  greater  than  those 
obtained  by  summer  fallowing  in  the  ordinary  way.  The  average 
yield  of  wlieat  in  the  State  of  Washington  during  tho  year  1906  was 
20.4  ]>ush(^ls  per  acre.  This  will  represent  approximately  the  yield 
for  the  (\)lunil)ia  Basin.  If  it  is  tnie  that  this  method  increases  the 
yield  2')  per  cent,  the  average  yield  of  wheat  for  the  entire  region  can 
be  raised  '>  bushels  per  acre.  By  adopting  this  metliod  of  summer 
fall()\vin<^  it  is  possible  to  retain  sufficient  moisture  throughout  nuich 
of  \\w  seniiarid  section  to  germinate  wheat  at  any  time  it  may  be 
sown  in  the  fall.  This  will  make  it  possible  to  grow  winter  wheat 
over  a  larire  area  that  now  produces  spring  wheat.  During  the  year 
1000  th(*  average  yield  of  winter  wheat  in  the  State  of  Washington 
\va^  41  bushels  uiore  than  that  of  spring  wheat.  In  addition  to 
iiuri'asiiiij:  the  average  yield  of  wheat  hi  the  Columbia  Basin  about 
5  husliels  \)ov  acre,  it  will  be  seen  that  better  tillage  will  further 
iunvasc  the  yield  11  bushels  per  acre  over  much  of  the  semiarid  sec- 
tion by  inakiut^  it  [possible  to  grow  winter  wheat  instead  of  spring 
wlieat.  IbMu-e  the  importance  of  the  general  adoption  of  this 
method  tlirouirhout  the  (\)lumbia  Basin. 

lu  tlir  ((Mitral  portion  of  the  Columbia  Basin,  where  the  rainfall  is 
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less  than  G  inches,  wheat  can  not  be  successfully  produced  without 
irrigation.  In  extending  the  area  of  winter  wheat  out  into  the  semi- 
arid  and  arid  sections  a  point  will  be  reached  where  it  will  not  be  pos- 
sible to  conserve  sufficient  moisture  to  germinate  grain  before  the  fall 
rains  come.  When  the  tillage  has  been  thorough  and  sufficient 
moisture  has  been  retained  to  germinate  the  seed,  the  grain  is  planted 
quite  deeply.  When  the  seed  germinates,  the  young  roots  are  then 
in  contact  with  moist  soil.  This  enables  the  young  plants  to  survive 
until  the  fall  rains  come. 

Better  preparation  of  the  soil  for  spring  crops,  especiallv  the  use 
of  implements  for  settling  and  packing  the  bottom  of  the  plow  furrow, 
would  materially  increase  the  yield  of  all  cereal  crops  when  the  land 
is  plowed  in  the  spring  before  it  is  sown.  During  the  summer  of 
1906  the  writer  saw  a  fi^eld  of  oats  at  Grass  Valle^'',  Oreg.,  a  portion 
of  which  had  been  packed  with  a  corrugated  roller.  When  seen  the 
oats  were  nearly  ripe.  The  stand  and  growth  of  the  oats  were  very 
much  l)etter  upon  the  rolled  portion  of  the  field. 

If  more  intensive  methods  of  tillage  are  to  be  adopted,  either  the 
size  of  the  farms  must  be  decreased  or  their  equipment  increased. 
Generally  speaking,  the  farmers  of  the  Columbia  Basin  attempt  to 
till  more  land  than  can  properly  be  handled  with  their  equipment. 

Too  many  varieties  of  wheat  are  now  produced  in  the  Columbia 
Basin.  All  of  tlioin  sliould  be  thoroughly  tested  in  the  arid,  semi- 
arid,  and  liuniid  sections  to  determine  which  are  most  profitable  to 
grow  under  tlie  three  conditions.  The  best  varieties  should  then  be 
improved  l)y  solocti(m. 

The  fanners  as  a  whole  will  secure  l)etter  results  bv  confininjr 
themselves  to  a  few  varieties  oi  wheat.  Of  the  spring  varieties,  the 
Little  Cluh  and  the  Red  ChafT  are  l)est  adapted  to  the  humid  sections 
and  the  Biuesteni  to  the  arid  and  senn'arid  conditions.  The  Earl^^ 
Wil])ur  is  a  new  wheat,  but  gives  strong  indications  of  considerable 
alue  in  the  arid  section  l)ecause  of  its  earliness. 

')f  tlu    ^vint'^r  \'>irieties  the  Turkey  lied  easily  stands  first  for  the 

•  '-'    w(       "•»>    '<    '."•rions.     When  the  grains  an*  h«rd  and  homy  it 

...illn.    '^ 'wM,  )n  jir^'-'^ni)  f.s  tendency  to 

tr         'v  ship  in  seed 

-i..         It  stands 

;  ••'    idvantage  in 
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Sik:  In  connection  with  the  nutrition  inrestigations  of  the  Office  of 
Experiment  Stations,  a  number  of  studies  have  been  made  of  the 
nutritive  value  and  digestibility  of  potatoes  and  other  root  crops  and 
the  losses  which  such  foods  sustain  when  cooked  in  different  ways. 
Many  analyses  of  such  foods  have  l>een  made  and  other  questions 
connected  with  their  place  in  the  diet  and  their  most  economical  use 
in  the  home  have  received  attention  at  several  of  the  agricultui'al 
experiment  stations. 

The  results  of  such  investigations  and  the  general  information  avail- 
able in  scientific  journals  and  other  works  of  reference  have  been 
sununarizod  in  the  preparation  of  the  present  article  on  potatoes  and 
other  root  crops  used  as  food,  by  C.  F.  Langworthy,  in  charge  of  Nutri- 
tion Investigations  of  this  Ottice,  which  I  have  the  honor  to  transmit 
herewith  and  reconnnend  for  publication  as  a  Farmers'  BuUetin. 

The  article  is  simihir  in  purpose  to  other  jjopular  sunmiaries  which 
have  appeared  in  this  series  of  bulletins.     The  section  which  concerns 
potatoes  is  a  reA'ision  and  extension  of  an  article  by  Doctor  Lang- 
worthy,  j)ublished  in  the  Yearl>ook  of  the  Department  for  1900. 
KesjxH'tfullv, 

A.  C.  True, 

Director, 

Hon.  J  VMKS  Wilson, 

>^r/''  ^//7/  "jAtjru'Hlture, 
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POTATOES  AND  OTHER  ROOT  CROPS  AS  FOOD. 


INTRODUCTION. 

Among  the  products  of  the  vegetable  kingdom  used  for  human  food 
the  cereals  are  undoubtedly  the  most  important,  but  next  to  them  must 
be  phiced  the  group  of  plants  which  during  the  favorable  days  of  sum- 
mer lay  up  for  themselves  a  supply  of  reserve  material  in  thickened 
roots  or  underground  stems  and  bulbs.  These  plants  belong  to  many 
different  groups  and  have  different  habits  and  varied  appearance,  but 
from  the  standpoint  of  food  value  their  common  characteristic  of 
producing  underground  parts  filled  with  nutritious  material  makes  it 
convenient  and  logical  to  group  them  together.  In  some  cases  it  is  a 
true  root,  such  as  the  beet,  in  which  the  plant  lays  up  its  store;  in 
others  it  is  an  underground  stem  as  in  the  case  of  tubers  like  the 
potato,  and  again  it  is  a  bulb  like  the  onion.  Botanically,  these  dis- 
tinctions are  very  important,  but  they  have  little  bearing  on  the  food 
value,  and  for  the  present  purpose  it  is  sufficiently  accurate  to  speak 
of  all  such  vegetables  as  "root  crops." 

Those  edible  tuberous  bulbs  and  roots  divide  themselves  roughly 
into  two  main  classes:  Those  in  which  the  plant  stores  its  food  princi- 
pally in  the  form  of  insoluble  starch,  and  those  in  which  a  compai*a- 
tively  large  proportion  is  in  the  form  of  sugar  or  some  other  soluble 
})odies.  As  a  general  rule  vegetables  of-  the  latter  group  contain  a 
larger  proportion  of  water  than  the  starchy  tubers,  etc.,  and  are  there- 
fore often  called  the  succulent  roots. 

Of  the  starchy  group,  the  common  potato  is  by  far  the  most  impor- 
tant as  regards  both  its  nutritive  value  and  the  extent  of  its  cultivation. 
In  the  United  States  the  sweet  potato  ranks  next  to  it.  What  a 
prominent  place  these  two  together  hold  in  the  diet  may  bo  seen  from 
the  fact  that  in  the  average  of  376  American  dietary  studies  they  were 
found  to  furnish  12.5  per  cent,  or  about  one-eighth  of  the  total  food 
material,  and  8.3  per  cent,  or  about  one-twelfth  of  the  carbohydrates. 
All  other  vegetables  together  furnished  only  7.8  per  cent  of  the  total 
food  and  3.7  per  cent  of  the  carbohydrates.  There  are  no  starchy 
tubers  or  roots  except  these  in  general  use  in  this  country,  though  a 
few  are  frequently  seen  in  city  markets.  In  other  parts  of  the  world, 
especially  in  eastern  Asia  and  the  Tropics,  others  to  a  large  extent 
occupy  the  place  which  potatoes  hold  in  Europe  and  America. 
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The  succulent  roots  are  less  important  as  human  food  than  the 
starchy  ones.  Beets,  carrots,  parsnips,  turnips,  and  onions  are  the 
most  common.  Many  of  them  are  characterized  by  strong  flavors 
and  odors  due  to  volatile  oils  which  they  contain.  Like  potatoes, 
they  can  be  stored  for  months  without  serious  deterioratian,  and 
hQinfr  comparatively  low-priced  occupy  an  important  place  in  the  list 
of  winter  vegetables.  Some  highly  flavored  roots,  such  as  the  horse- 
radish and  ginger,  serve  mainly  as  condiments,  their  food  value  in 
the  quantities  in  which  they  are  used  being  too  small  to  be  of  any 
practical  importance. 

The  tubers  and  root  vegetables  may  roughly  be  said  to  contain  from 
70  to  90  per  cent  water  and  from  10  to  30  per  cent  solid  matorial.  By 
far  the  greater  part  of  the  solid  matter  occurs  in  some  form  or  forms 
of  carbohydrates.  There  are  also  small  quantities  of  nitrogenous 
substances,  and,  compared  with  most  food  materials,  considerable 
quantities  of  mineral  matters  or  ash,  especially  in  the  succulent  roots. 
From  this  it  will  be  seen  that  even  the  least  watery  of  these  vegetables 
is  far  from  supplying  the  body  with  all  that  it  needs.  The  carbo- 
hydrates furnish  it  with  excellent  fuel  for  keeping  up  its  warmth  and 
supplying  it  with  energy  needed  for  muscular  activity.  The  ash  and 
the  various  compounds  which  give  flavor  supply  the  needed  mineral 
matters  and  stimulate  the  action  of  the  digestive  organs,  but  protein 
or  nitrogenous  material,  which  is  indispensable  in  the  building  and 
repair  of  muscular  tissue,  is  in  most  varieties  nearly  lacking,  and 
in  no  case  is  it  in  the  right  proportion  to  nonnitrogenous  material  to 
serve  for  the  best  bodily  development.  Much  is  said  about  the  Irish 
peasant  and  his  potato  diet  and  how  well  he  can  live  and  work  on  this 
fare,  but  in  almost  Gvcry  case  he  keeps  a  cow  along  with  his  potato 
patch,  and  the  abundance  of  milk  in  his  diet  furnishes  him  with  a  fair 
amount  of  protein.  There  is  every  reason  to  believe  that  among  the 
tropical  races,  who  are  supposed  to  live  mainly  on  the  starchy  roots 
and  similar  foods,  there  are  some  such  sources  of  protein  in  the  diet 
which  general  observers  have  overlooked.  For  instance,  few  trav- 
elers who  write  of  the  general  use  of  rice  in  the  Orient  realize  the 
importance  of  the  nitrogenous  soy-bean  products  so  extensively  used 
in  China  and  «T«;ipan,  or  the  milk,  milk  ])rt)ducts,  pulse,  or  legumes, 
and  similar  foods  used  in  India.  It  is  in  connection  with  other 
materials  richer  in  protein  that  the  edible  tubers  and  roots  find  their 
true  plac(^  in  th(^  diet. 

The  potato  so  far  surpass(\*<  all  other  tubers  and  roots  in  importance 
that  its  composition  and  nutritive  vtilue  have  been  carefully  studied 
both  in  this  country  and  in  Europe.  It  will,  therefore,  be  discussed 
in  detail  and  in  a  measure  considered  as  a  type  of  all  the  other  tubers 
and  roots,  esi)ecially  the  starch}'  group. 


POTATOES. 
HISTOBY  AND  EXTENT  OF  CTTLTIVATION. 

The  potato,  called  in  different  regions  white  potato,  Iri^h  potato, 
English  potato,  or  round  potato,  was  first  introduced  into  Europe 
between  1580  and  1585  by  the  Spaniards,  and  afterwards  by  the  Eng- 
lish about  the  time  of  the  expeditions  sent  by  Raleigh  to  the  Virginia 
country.  It  is  believed  to  be  a  native  of  Chile,  where  a  wild  plant  is 
still  found  which  much  resembles  it.  A  similar  tuber,  known  as  the 
Cetewayo  pofcito,  is  also  eaten  by  the  natives  in  some  districts  of 
South  Africa.  When  first  visited  by  Europeans,  the  aborigmes  in 
Chile  and  adjacent  regions  cultivated  the  potato  for  its  edible  tubers 
and  had  apimrently  long  done  so.  It  was  probably  introduced  into 
the  Unit^nl  States,  es}Xiciallv  into  Virginia  and  North  Carolina,  toward 
the  end  of  the  sixteenth  century.  In  spite  of  its  ea^jy  cultivation,  rich 
yield,  and  pleasant  flavor,  the  potato  did  not  receive  a  warm  welcome 
when  first  introduced  into  Europe.  For  a  long  time  there  was  a  pop- 
ular belief  tluit  it  was  poisonous,  perhaps  because  botanically  it  is 
related  to  the  deadly  nightshade,  and  for  years  it  was  cultivated 
mainly  as  a  gai^den  curiosity.  During  the  second  half  of  the  eight- 
eenth century,  however,  came  a  series  of  bad  harvests  in  some  of  the 
staple  food  crops  throughout  Europe  and  the  potato  quickly  rose  into 
almost  universal  prominence.  Since  then  its  use  has-  constantly 
increased,  for  it  is  one  of  the  cheapest  vegetables  to  rabe,  can  be  kept 
over  the  winter,  is  easy  to  prepare  for  the  table,  pleasant  in  taste,  and 
very  rich  in  digestible  starch.  It  soon  became  a  staple  food  among 
all  classes  throughout  central  and  northern  Europe,  so  that  when  in 
the  middle  of  the  last  century  the  black  rot  wrought  its  deadly  havoc 
on  the  ci*oj>s  not  only  Ireland  but  large  districts  in  continentiil  Europe 
also  were  seriously  threatened  with  famine.  Next  to  the  breadstuffs 
it  is  undoubtedly  the  mast  important  food  crop  of  the  western  nations. 

According  to  the  last  United  States  census,  273,318,167  bushels  were 
i-ais(Ml  in  this  country  in  1899,  representing  40.7  per  cent  of  the  total 
vegetable  crop,  and  valued  at  $08,380,110.  Of  course,  part  of  A» 
total  crop  is  used  for  animal  fodder  and  a  jxirt  for  various  manu- 
factured articles,  but  the  proportion  thus  used  is  probably  small,  and 
includes  uiainly  inferior  grades  of  tubers.  The  principal  article  manu- 
factured from  potiitoes  is  starch,  which,  until  cornstarch  supplanted 
it,  was  (|uite  largely  used  in  cooking,  but  now  is  mainly  employed  for 
making  sizing  for  paper  and  textiles  and  for  other  technical  purposes. 
Potato  starch  has  also  been  sometimes  found  as  an  adultei*ant  of  fine 
Hours  and  starches.  Much  of  our  commercial  glucose  is  made  from 
potatoes,  and  they  are  also  an  important  source  of  alcohol,  especially 
in  Euroix\ 
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It  is  a  fact  worthy  of  mention  that,  as  the  potato  has  been  modified 
by  cultivation,  it  has  largely  lost  the  power  of  producing  seeds,  and 
the  cultivated  potato  differs  from  the  wild  in  seldom  producing  seed- 
bearing  fruits.  This  is  a  disadvantage  from  the  plant-breeder's  stand- 
point, as  he  depends  on  seed  from  blossoms  properly  fertilized  to 
yield  new  varieties.  From  the  grower's  standpoint  it  is  of  little 
moment,  as  he  always  uses  the  old  tubers  in  planting  the  potato  crop, 
each  "e3^e"  in  the  potato  being  a  bud  on  the  underground  stem  which 
is  capable  of  growing  into  a  new  plant. 

The  potato  is  grown  in  practically  all  parts  of  the  United  States, 
but  most  abundantly  in  the  North  Atlantic  and  North  Central  States. 
Within  recent  years  its  culture  has  been  greatly  developed  throughout 
the  sandy  pine  tracts  just  south  of  the  Canadian  boundary,  and  local 
experiment  stations  have  given  great  aid  and  encouragement  to  the 
work.  The  South  Atlantic  States  furnish  a  considerable  proportion 
of  the  crop,  but  mainly  in  the  form  of  high-priced  early  potatoes  for 
city  markets. 

STRUCTURE  AND  CGMPGSITIGN. 

The  potato  tuber,  as  has  been  said,  is  in  reality  a  modified  stem, 
being  shortened  and  thickened  as  a  storehouse  for  material  held  in 
reserve  for  the  early  growtli  of  new  plants.  The  outer  skin  of  the 
tuber  consists  of  a  thin,  grayish  brown  corky  substance  and  corre- 
sponds roughly  to  the  bark  of  an  overground  stem.  If  a  crosswise 
section  of  a  raw  potato  is  held  up  to  the  light  three  distinct  parts 
besides  the  skin  ma}'^  be  seen.  The  outermost  one  is  known  as  the 
cortical  layer  and  maybe  from  0.12  to  0.5  inch  in  thickness.  This 
layer  is  slightly  colored,  the  tint  varying  with  the  kind,  and  turns 
green  if  exposed  to  the  light  for  some  time,  thus  showing  its  relation 
to  the  tender  green  layer  )>eneath  the  bark  of  overground  stems.  It 
is  denser  than  the  other  parts  of  the  potato  and  contains  miany  fibro- 
vas(nilar  bundles,  especially  on  the  inner  edge  where  a  marked  ring  of 
them  plain! V  separates  this  layer  from  the  next.  The  interior  or  flesh 
of  the  tuber  is  made  up  of  two  layers  known  as  the  outer  and  inner 
medullar}^  areas.  The  outer  one  forms  the  main  bulk  of  a  well-devel- 
oped potato  and  contains  the  greater  part  of  the  food  ingredients. 
The  inner  medullary  area,  sonK^tinies  called  the  core,  appears  in  a 
cross  section  of  the  tu))er  to  spread  irregular  arms  up  into  the  outer, 
so  that  its  outline  roughh^  suggests  a  star.  It  contains  slightly  more 
cellulose  and  less  water  and  nutrients  than  the  outer  medullary  por- 
tion.    These  four  parts  of  the  tuber  are  shown  in  figure  1. 

As  in  all  other  plant  forms,  the  framework  of  the  tuber  is  made  up 
of  cellulose,  a  carbohydrate  or  group  of  carbohydrates  familiar  in 
many  forms,  as,  for  instance,  the  fiber  of  cotton  or  linen  or  the  bran 
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of  wheat.  In  food  and  feeding  stuff  analyses  it  is  usually  designated 
crude  fiber.  Cellulose  forms  the  walls  of  a  network  of  cells,  which  in 
turti  form  the  body  of  the  tuber.  These  cells  vary  in  shape  and  size 
in  different  sections  of  the  tuber  according  to  the  part  they  play  in  its 
life.  In  the  flesh  they  serve  mainly  for  storage,  and  in  them  lie  the 
starch  grains.     (See  tig.  3^^) 

The  interior  of  the  tuber  is  more  or  less  permeated  by  water  in  which 
are  dissolved  nearly  all  the  soluble  ingredients,  including  the  various 
soluble  carbohydrates,"  mineral  matters,  and  soluble  proteid  bodies. 


Fio.  1.— Transverse  and  longitudinal  sections  of  the  potato:  a,  skin;  6,  cortical  layer;  r,  outer 
medullary  layer;  d,  inner  medullary  art'a. 

Cultural  varieties  of  a  given  plant  often  have  very  different  habits, 
appearance,  and  quality,  and  it  is  natural  that  the  amounts  and  pro- 
portions of  water,  carbohydrates,  fats,  protein,  and  mineral  matters 
which  the  potato  contains  should  vary  with  the  variety  as  well  as  with 
the  character  of  the  soil,  the  climate,  and  other  conditions  under  which 
it  grows.     Moreover,  since  the  needs  of  the  potato  plant  vary  at  dif- 

« In  this  connection  it  is  well  to  recall  that  the  carbohydrates  (cellulose,  starch,  the 
different  kinds  of  sugars,  etc. )  are  all  closely  related,  and  that  under  the  influence  of 
certain  aci<l8,  heat,  or  other  agency  ai^  insoluble  form,  such  as  starch,  may  be  changed 
into  a  soluble  form,  or  vice  versa. 
32148— No.  295—07 2 
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fereat  stages  of  its  dcrelopement,  it  will  proYide  for  thera  by  vaiying 
the  ingredients  stored  in  the  tubers  and  elsewhere.  Taking  iato 
account  all  tbe.se  f  aetors,  it  might  seem  impoasibk  to  make  any  general 
statements  about  the  chcmieal  composition  of  the  potato,  but  itnoLy  be 
said  that  the  variations  are  in  degree  rather  than  in  kind,  and  so  many 
anal3'scs  and  studies  have  been  made,  both  in  this  country  and  in 
Europe,  that  the  average  or  general  characteristics  of  tbe  potato  arc 
now  well  established.  The  tigures  in  Table  1  show  the  composition 
of  raw  and  cooked  potatoes^  and  represent  the  aveiiige  of  many  Ameri- 
can anal^'ses.  For  comparison  the  composition  of  white  bread  is  also 
given. 

Table  1. — CoinpoHition  of  raw  and  cooked  poUiloes, 


Kind  of  f(M)d. 


:  I 

!  RefiiHe.l  Water. 


.  L 


Pro- 
tein. 


Per  ct.  \  Prr  ct.\ 

Potato,  liH  purehased I      20. 0  i      $2.6  \ 

Potato,  edinle  portion |      78w3  ' 


Potato,  boiled - 

Potato.  miiNhod  and  sfiLMoiiiMl j 

Potat<M's    fried   in    fat,   "  I'otato 

clii]»s" I 

Potato,  evaporated 

Wbito  bread 


.i 


75.5 
75.1 

2.2-i 
7.L 
3s\3 


Per  ct. 
1.8 
2.2 
2.5 
2.6 

6.8 
8.5 
9.2 


Fat. 

Carbohydrates. 

Ash. 

Fuel 

value  per 

pound. 

Siigar, 

Htarch, 

etc. 

Crude 
fiber. 

Per  ct. 

0.1 
.1 
.1 

3.0 

39.8 
.4 
1.3 

Perct.    Perd. 

13. 8          0. 9 

18.0            .4 

20.3            .6 

17.8 

80.9 
52.6            .fr 

Perd. 
0.8 
1.0 
1.0 
1.5 

4.5 
3.1 
LI 

Calories. 
310 
375 
440 
505 

2,675 
1,680 
1.215 

The  corky  skin  of  the  potato  makes  up  about  2.6  per  cent  of  the 
whole,  and  the  cortical  hwer  «S.5  per  cent,  leaving  89  per  cent  for  the 
medullary  areas.  Theoretically,  the  skin  is  the  only  refuse  or  inedible 
mtiterial  in  the  potato,  but  in  practice  a  considerable  part  of  the  corti- 
cal la3'er  is  usually  removed  with  it.  When  the  surface  is  irregular 
or  lump}'-  or  the.  tubers  have  shriveled  in  storage,  a  much  greater  pro- 
portion of  the  flesh  is  likely  to  be  cut  off  with  the  skin  in  peeling  than 
is  the  case  when  the  tubers  are  smooth  and  in  good  condition.  When 
potatoes  are  Twked  or  boiled  in  their  jackets,  more  or  less  of  the  flesh 
is  wasted  when  the  skin  is  removed,  and  in  this  case  also  the  amount 
bi^ai's  some  relation  to  the  shape  of  the  tubers.  Just  how  much  such 
a  loss  of  edible  portion  aveniges  it  is  bard  to  say.  In  connection  with 
the  nutrition  investigations  of  this  Department,  it  was  estimated  that 
in  peelin<;  raw  p()tato<\s  the  loss  was  alunit  20  per  cent,  which  would 
include  not  only  all  of  the  skin  and  the  cortical  layer,  but  also  9  per 
cent  from  the  flesh.  When  we  recall  how  large  is  the  proportion  of 
water  and  how  low  that  of  nutrients  in  the  tul)er,  and  also  that  the 
ltu<j^er  pr<)i)ortion  of  the  valuable  protein  and  mineral  matters  is  in 
t\w,  outer  layers,  this  waste  appears  more  important  than  is  genemlly 
nnilized. 

The  (*dible  j)ortion  of  the  jwttito,  i.  e.,  th(»  tuber  wttho«it  tlie  eorky 
skin,  holds  on  an  average  about  78  per  cent  water,  and  so  only  about 
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20  per  cent  of  the  whole  tuber  has  a  direct  food  value.  Fi^re  2  rep- 
resents the  composition  of  the  potato  in  graphic  form  and  showa  the 
proportion  usually  wasted  when  it  is  boiled. 

This  diagi*am  shows  very  plainly  that  the  bulk  of  the  potato  tuber 
is  water.  The  stage  of  growth  and  other  conditions  affect  the  pro- 
portion present,  young  tubers  being  more  juicy  or  watery  than  those 
which  are  fully  developed.  When  potatoes  are  stored,  they  undergo 
a  shrinkage  chiefly  owing  to  loss  of  water  or  juice  b}'  evaporation* 
According  to  tests  made  at  the  Michigan  Agricultural  Experiment 
Station  this  loss  amounted  to  11.5  per  cent  when  they  were  kept  in 
storage  from  September  30  to  Jlay  1. 

The  carbohj  drates  are  by  far  the  most  abundant  of  the  nutrients. 
Of  the  ISA  per  cent  present  less  tlian  0.5  per  cent  is  made  up  of  cel- 
lulose, yet  one  sometimes  hears  the  statement  made  that  potatoes  are 
indigestible  on  account  of  the  large  quantities  of  cellulose  which  they 
contain.  In  reality  there  is  as  much  or  more  in  almost  all  the  cereals 
and  other  vegetable 
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^omi>ofliti(>n  of  the  potato.    The  shaded  iwrtion  represents 
the  average  lofu  of  nutrients  when  boiled. 


foods,  and  such  a 
criticism  of  tlie  po- 
tato has  no  warrant 
of  fact. 

The  bulk  of  the 
carbohydrates  which 
the  potiito  stores  for 
future  use  is  in  the 
form  of  starch,  which 
is,  of  course,  insolu- 
ble in  cold  water,  and  small  quantities  of  such  soluble  carbohy- 
drates us  dextrose,  sugar,  etc.  In  young  tubers  there  is  a  larger 
proportion  .of  sugars  and  less  starch  than  when  they  have  become 
matur(\  As  the  tuber  lies  in  the  ground  the  starch  content  increases. 
When  it  begins  to  sprout,  however,  part  of  the  starch  is  converted 
])y  a  ferment  in  the  tuber  into  soluble  glucose.  Thus,  young  or 
early  potatoes  and  old  ones  lK)th  have  a  smaller  proportion  of  starch 
and  more  sulu])le  sugars  than  well-grown  but  still  fresh  tubers.  If 
the  grated  potato  is  mixed  with  water  starch  falls  out  from  the 
broken  cells  and  settles  to  the  bottom  of  the  vessel,  and  may  be 
removed  in  the  form  of  a  white  deposit.  Starch  is  manufactured  to 
a  largo  extent  from  potatoes  by  methods  which  are  similar  to  the 
above  in  principle/' 

Other  carlx>hyd rates  in  the  iK)tato  are  the  so-called  pectose  bodies, 
the  substances  which  cause  fruit  jellies  to  stiffen,  and  when  the  tubers 
are  large  and  pulpy  pectoses  may  make  up  4  per  cent  of  the  tuber, 


«  For  an  oxteiKled  account  of  the  nianulactare  of  starch  from  }H>tatoe8,  see  U.  S. 
Dept.  Agr.,  Bur.  Cheni.  Bui.  58^ 
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though  they  usually  occur  in  much  smaller  quantities.  They  are  be- 
lieved to  have  about  the  same  food  value  as  starch. 

Fat,  or  ether  extract,  appears  in  such  small  quantities  in  potatoes 
that  it  may  be  practically  neglected  in  discussing  their  food  value, 
especially  as  the  greater  part  occurs  in  the  inedible  skin  in  the  form 
of  a  wax-like  body. 

The  protein  bodies  are  rather  scanty,  as  compared  with  those  of  cereals 
and  such  vegetables  as  peas  and  beans.  Only  about  60  per  cent  of  the 
total  amount  present  is  true  protein — that  is,  in  a  form  which  can  be 
used  for  the  building  and  repair  of  body  tissue.  This  means  that  a 
pound  of  potatoes  furnishes  only  about  1.3  per  cent  or  0.2  of  an  ounce 
of  true  protein,  and  emphasizes  the  statement  already  made  that  po- 
tatoes alone  make  a  very  incomplete  diet,  as  the  proportion  of  nitrog- 
enous material  would  be  very  small  in  a  quantity  sufficient  to  supply 
the  body  with  all  the  energy-yielding  material  required. 

These  potato  proteids  have  been  studied  by  the  Connecticut  Experi- 
ment Station  and  found  to  consist  of  a  form  of  globulin,  for  which 
the  name  "tuberin"  is  suggested,  ^and  a  proteose,  part  of  these  nitrog- 
enous constituents  being  dissolved  in  the  juice  and  part  stored  with 
the  starch  in  the  cells,  especially  in  the  cortical  layer. 

The  nonproteid  forms  of  nitrogenous  substances  in  the  potato  are 
asparagin  and  small  quantities  of  amido  acids,  occurring  mostly  in 
the  juice.  If  they  have  any  food  value  it  is  indirect  and  due  to  the 
fact  that  they  protect  the  true  proteids  from  waste  during  digestion. 
It  is  possible  that  they  may  aid  digestion  in  some  way  or  serve  a 
similar  purpose.  There  is  a  larger  proportion  of  protein  compounds, 
and  especially  of  the  more  soluble  forms,  in  3^oung  potatoes  than  in  old. 

The  most  important  mineral  matters  found  in  potatoes  are  potash 
and  phosphoric  acid  compounds.  There  are  several  organic  acids  (as 
citric,  tartaric,  and  succinic  acid),  which  vary  in  tubers  of  different 
ages  and  account  in  some  measure  for  the  flavor  of  potatoes.  (See 
also  p.  19.) 

If  peeled  potatoes  are  exposed  to  the  air  the  outer  surface  turns 
brown,  just  as  does  the  flesh  of  many  fruits.  Such  change  is  due  to 
the  action  of  enzyms  or  unorganized  ferments  naturally  present  in 
the  plants.  In  the  presence  of  the  oxygen  of  the  air  they  work 
upon  tannin-like  bodies  in  the  tuber  or  fruit  in  such  a  way  that  the 
latter  change  color.  In  the  case  of  potatoes  this  browning  may  be 
prevented  by  putting  the  peeled  tubers  into  salted  water  or  even  into 
cold  plain  water. 

In  the  condition  in  which  they  are  purchased  potatoes  resemble 
such  succulent  carbohydrate  foods  as  turnips  and  beets,  with  an 
average  water  content  of  90  per  cent,  more  than  they  do  such  dry  car- 
bohydrate foods  as  flour  or  rice,  with  an  average  of  12  per  cent.     The 
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condition  in  which  foods  arc  eaten  should  also  be  taken  into  account, 
for  if  the  value  of  a  food  is  judged  solely  by  its  chemical  composition  as 
it  is  found  in  the  market  a  wrong  impression  may  be  obtained.  For 
instance,  potatoes  as  purchased  consist  of  one-fifth  and  rice  of  seven- 
eighths  nutritive  material.  The  first  inference  is  that  rice  is  more 
than  four  times  as  nutritious  as  potatoes.  In  one  sense  this  is  true — 
that  is  to  say,  a  pound  of  uncooked  rice  contains  more  than  four  times 
as  much  nutritive  material  as  a  pound  of  raw  potatoes.  But  if  we 
take  about  4  pounds  of  potatoes — that  is,  the  amount  necessary  to  fur- 
nish as  much  nutritive  material  as  the  pound  of  rice — the  composition 
and  nutritive  value  of  the  two  quantities  will  be  just  about  the  same, 
while  from  a  pecuniary  standpoint  the  advantage  would  be  on  the  side 
of  the  potatoes.  The  chief  difference  in  the  two  foods  before  cooking 
is  that  one  is  juicy  and  bulky,  while  the  other  is  dry,  and  therefore 
more  concentrated.  In  cooking  rice  we  mix  water  with  it,  and  may 
thus  make  a  material  not  very  different  in  composition  from  potatoes. 
By  drying  potatoes  they  can  be  made  very  similar  in  composition  and 
food  value  to  rice.  Considering  y^e  two  articles  as  ordinarily  pur- 
chased, 4.6  pounds  of  raw  potatoes  and  a  pound  of  uncooked  rice 
contain  nearly  equal  weights  of  each  class  of  nutrients  and  have  about 
the  same  nutritive  value. 

COOKIN0. 

In  cooking,  the  heat  affects  the  various  constituents  of  the  potato  in 
different  ways.  The  water  expands  into  steam,  part  of  which  evapo- 
rates from  the  surface.  Within  the  minute  cells  making  up  the  tuber 
it  presses  so  hard  against  the  walls^  that  the  tough  cellulose  is  ruptured 
just  as  any  air-tight  vessel  may  be  broken  by  the  pressure  of  expand- 
ing steam.  The  starch  grains  inside  the  cells  are  thus  released,  some  of 
them  being  also  disintegrated,  while  part  are  changed  into  the  soluble 
form  of  dextrin  by  the  heat  and  part  are  tilled  with  water  or  hydrated. 
The  protein  coagulates  or  hardens  much  as  the  white  of  egg  does  in 
boiling,  and  at  least  a  part  of  it  is  broken  down  into  simpler  bodies.  The 
mineral  salts  are  probably  little  affected,  but  some  of  them  are  broken 
down,  part  of  their  constituents  passing  off  as  gases  and  part  forming 
new  compounds  with  quite  different  characteristics.  It  is  the  sum  of 
these  and  minor  changes  which  make  the  difference  l)etween  a  raw  and 
a  cooked  potato.  As  may  be  seen  from  the  figures  in  Table  1,  the 
cooked  potatoes  which  contain  no  added  fat  or  other  material  do  not 
differ  much  from  the  raw  as  regards  composition.  The  effect  of  cook- 
ing on  the  mechanical  condition  of  the  potato  cells  is  shown  in  figure  3. 

The  figures  show  the  great  changes  in  the  mechanical  condition  of 
the  potato  flesh  under  the  influence  of  heat,  the  broken  cell  walls  and 
the  incr<\'ised  bulk  of  the  starch  grains  being  particularly  noticeable. 
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The  mealy,  Hof t,  porous,  cooked  potato  Ls  in  a  favorable  condition  for 
the  action  of  the  digestive  juices,  as  moisture  readily  penetrates  to  all 
parts  of  it,  while  this  is  not  the  case  with  the  raw  and  rather  tough 
flesh  of  the  uncooked  tuber.  It  is  commonly  said  that  raw  starch,  like 
that  found  in  the  potato,  is  not  digestible,  but  later  investigations 
indicate  that  this  is  not  the  case  and  that  the  digestive  juices  will 
dissolve  the  starch,  provided  the  cell  walls  are  ruptured  so  that  the 
ferments  may  conie  in  contact  with  iL  The  fact  that  sonj^  of  the 
starch  ma^'^  be  changed  to  soluble  bodies  under  the  influence  of  heat  in 
cooking  is  an  advantage  rather  than  the  reverse  from  the  standpoint  of 
digestion. 

One  of  the  great  advantages  in  cooking  potatoes  and  similar  vege- 
table foods  is  the  improvement  in  flavor.  Raw  potatoes,  especially 
old  ones,  often  have  a  decidedly  bitter  and  disagreeable  flavor  (see 
p.  20),  which  is  less  marked  after  cooking,  as  some  of  the  flavor-yield- 
ing bodies  are  volatilized  or  are  extracted.     The  flavor  of  the  cooked 


C'banges*  of  Htarch  cells  in  cooking:  a,  cells  of  a  mw  ]>otato  with  litarch  grains  in  natural  con- 
dition: /'.cells  of  a  partially  <rt)«)ke<i  jKitato;  c,  eelLs  of  a  thoroughly  boiled  potato,    v 

potato  is  also  due  in  part  to  the  development  of  the  cooked-staTch 
taste,  which  is  much  more  pheasant  than  that  of  raw  starch. 

There  are  also  disadvantages  in  the  results  of  cooking,  and  though 
on  the  whole  they  tire  much  less  important  than  the  advantages  neveir- 
thcK'ss   they  influ(»n<'e   the   food   value.     There   is   some   reason   fir 
})elievin<r  that  the  protein  of  the  potato  when  stiffenexi  by  heat  is  Ic 
easily  digested  than  when  raw.     A  nuich  more  serious  matter  is  thal( 
consideniblo  <iiiiintities  of  the  nutrients  may  be  lost  from  the  potato^ 
during  cooking.     So  iinix)rtaiit  is  this  point  that  at  the  Connecticut V 
and  Minnesota  exiHMiment  stations  several  series  of  exi>eriments  have    ^ 
been  made  to  det<M*mine  just  how  nnich  of  the  various  nutrients  is    '• 
thus  lost  when  the  potatoes  are  cooked  in  various  ways.     In  some  of 
the  tests  distilled  water  and  in  others  limewater  and  alkaline  water 
were  used,  but  the  (juality  of  the  water  seemed  to  have  little  influence 
on  the  loss.     In  oth(»r  experhnents  some  of  the  potatoes  were  soaked 
for  several  hours  l>efore  boiling,  and  it  was  found  that  this  tripled 
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the  proportion  of  proteiu  lost  and  doubled  that  of  the  ash.  If  the 
potatoes  were  put  into  cold  water  at  the  start,  it  was  found  that  they 
lost  almost  twice  as  much  protein  (15.8  per  cent)  as  when  they  were 
plunged  at  once  into  boiling  water  (8.2  per  cent).  With  the  cold  they 
lost  18.8  per  cent  of  their  ash  and  with  the  hot  water  pmctically  the 
same  amount.  It  has  been  suggested  tliat  the  difference  in  the  amount 
of  protein  removed  is  due  to  the  fact  that  when  the  potato  is  plunged 
into  boiling  water  the  protein  near  the  surface  hardens  at  once  and 
hinders  the  escape  of  juices  from  the  interior.  When,  on  the  other 
hand,  it  is  heated  slowly  much  of  the  juice  soaks  out  before  the  pro- 
tein coagulates.  On  account  of  these  losses  in  boiling  potatoes  many 
persons  consider  steaming  prefemble.     (See  p.  11.) 

The  tests  just  de.scril>ed  were  all  made  with  peeled  potatoes,  but 
another  series  was  made  with  unpeeled  ones  in  which  it  was  found 
that  w1icn  boiled  in  their  jackets  potatoes  lost  only  1  per  cent  of 
their  protein  and  a  little  over  3  percent  of  their  a«h,  no  matter  what 
the  temperature  of  the  water  was  at  the  start.  Almost  no  starch  is 
removed  when  jx)tatoes  are  boiled  in  their  skins,  but  when  peeled  the 
mechanical  action  of  the  boiling  water  wears  off  the  outer  surface  and 
in  this  way  as  nmcli  as  3  per  cent  of  the  carbohydrates  may  be  lost. 

Evidently,  then,  by  far  the  most  economical  way  to  boil  potatoes  is 
hi  their  jackets.  When  they  are  cooked  this  way  they  should,  of 
course,  be  thoroughly  scraped  before  boiling  and  it  is  a  common  prac- 
tice to  remove  a  section  of  the  skin  at  each  end  of  the  potato  or  to 
pare  a  ring  around  the  middle  of  the  tuber  so  that  the  moisture  may 
es<»ape  and  the  cooked  potato  may  not  become  soggy  on  standing.  If 
they  are  peeled  before  cooking  they  should  be  placed  directly  in  hot 
water. 

When  btiked  in  their  skins  potatoes  probably  undergo  much  the 
same  changes  as  in  boiling,  save  that  they  lose  practically  none  of  their 
ingredients  except  a  little  water  which  evaporates  through  the  skin. 
Some  of  their  moisture  changes  to  steam  inside,  and  unless  the  pota- 
toes are  to  l)c  eaten  inmiediately  this  must  be  allowed  a  way  of  escape 
through  a  break  or  holas  made  with  a  fork  in  the  skin,  or  it  will  change 
back  to  water  and  make  the  jx^tato  soggy. 

When  raw  potatoes  are  fried  they  should  be  cut  into  small  pieces  in 
order  that  the  heat  may  penetrate  to  the  interior  before  the  coating  of 
fat  on  the  outside  becomes  scorched.  They  lose  some  water  by  evapo- 
ration and  a))sorb  considerable  fat.  The  thinner  the  pieces  the  greater 
will  be  both  these  changes.  Thus  potato  chips  are  found  to  contain 
only  2  per  c(^nt  of  waUu*  and  39.8  per  cent  of  fat,  whereas  the  raw 
tubers  contain  about  78  per  cent  water  and  0.1  per  cent  fat. 

When  boiled  potatoes  are  mashed  with  milk  and  butter,  fried,  or  pre- 
pared in  any  of  the  multitudinous  ways  familiar  to  good  cooks,  their 
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composition  will  be  that  of  plain  boiled  potatoes  plus  the  nutrients  in 
the  materials  added.  Pur^e  of  potatoes  made  with  milk  would  make 
a  much  better  single  ration  than  plain  potatoes,  because  it  contains  a 
higher  proportion  of  protein.  Salt,  pepper,  and  other  seasonings 
have  also  a  decided  value  in  that  they  improve  the  flavor  of  the  pota- 
toes and  make  them  more  appetizing.  The  potato  may  be  prepared 
for  the  table  in  a  great  many  ways,  and  this  is  an  advantage,  as  it  helps 
to  give  variety  to  the  diet. 

Grated  potatoes  are  sometimes  mixed  with  yeast  and  used  in  place 
of  flour  for  making  a  kind  of  bread,  rolls,  or  other  similar  food. 
Many  cooks  think  that  starting  yeast  for  bread  or  rolls  with  potatoes 
instead  of  wheat  flour  makes  a  lighter  sponge.  This  may  be  because 
the  potatoes  contain  a  more  favorable  proportion  of  the  carbohydrates 
and  other  nutrients  upon  which  the  yeast  feeds  than,  does  the  wheat 
flour.  ^ 

In  this  country  the  main  test  of  the  cooking  quality  of  the  potato  is 
whether  or  not  it  yields  a  light,  crystalline  mass  with  almost  distinct 
starch  particles,  or,  in  common  parlance,  its  mealiness.  Investigations 
were  carried  on  at  the  Cornell  Experiment  Station  to  learn  what  it 
was  that  produced  thio  mealiness,  and  the  conclusion  was  reached  that 
it  depended  mainly  on  the  starch.  If  this  was  abundant  and  evenly 
distributed  throughout  the  tuber  the  cells  would  burst  open  in  cooking 
and  make  a  light,  flak}'^,  uniform  mass.  If  the  starch  was  scanty  in 
any  part  of  the  potato,  water  would  be  likely  to  settle  there  and  make 
the  cooked  potato  soggy.  Mature  but  still  fresh  tubers  hold  more 
starch  than  either  young  or  long  stored  ones  as  we  have  already  seen, 
and  the  inner  medullary  layer  is  more  likely  to  be  poor  in  starch  than 
the  outer  layer.  Therefore  the  tubers  most  likely  to  cook  into  meali- 
ness are  the  well-developed  crisp  ones.  When  the  tubers  are  young 
or  watery,  or  have  a  large  core  with  many  long  arms  branching  into 
the  outer  medullary  section,  the}^  are  not  so  likely  to  be  mealy  when 
cooked. 

This,  however,  does  not  tell  the  whole  story.  Anyone  who  cares 
for  early  spring  potatoes  knows  that  there  is  a  quality  between  soggi- 
ness  and  mealiness  which  is  very  satisfactory  and  which  is  commonly 
described  as  waxiness.  In  man}^  parts  of  Europe  this  condition  is 
generally  preferred  and  is  considered  a  mark  of  excellence.  While 
mealiness  depends  on  starch  and  sogginess  on  water  content,  waxiness, 
according  to  the  French  authorities,  Coudon  and  Boussai-d,  depends  on 
the  proportion  of  protein  to  starch.  If  the  protein  is  sufficiently 
abundant,  it  will  as  it  hardens  in  cooking  form  a  sort  of  waxy  frame- 
work in  which  the  starch  will  be  lightly  held  together  instead  of  sepa- 
rating into  distinct  flakes  as  in  mealy  potatoes,  where  there  is  not 
enough  protein  present  to  resist  the  pressure  of  the  starch.      Such 
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waxy  potatoes  retain  their  shape  better  than  the  mealy  ones  and  are 
more  suitable  for  garnishing  meats  for  salad  making  and  for  the  prep- 
aration of  many  fancy  dishes.  As  has  been  shown,  the  proportion  of 
protein  to  starch  is  greater  in  young  than  in  mature  tubers,  and  there- 
fore, in  American  potatoes  at  least,  the  early  varieties  are  most  likely 
to  have  this  waxiness.  In  point  of  flavor  there  is  almost  as  much 
difference  as  in  consistency,  as  the  nitrogenous  tubers  usually  contain 
also  a  larger  proportion  of  acids  and  perhaps  sugars  and  solanin  (see 
p.  19)  than  the  starchy. 

DRIED  OB  EVAPORATED  POTATOES  AND  CANNED  POTATOES. 

Potatoes  are  so  valuable  in  the  diet  that  many  attempts  have  been 
made  to  put  them  into  a  compact  form  in  which  they  can  be  kept  for 
a  long  time.  This  is  usually  accomplished  by  drying  them,  which 
both  preserves  them  from  decay  and  reduces  their  bulk.  One  of  the 
oldest  of  such  preparations  is  one  long  used  in  Peru  and  known  as 
''  chunno."  To  make  it,  part  of  the  juice  is  pressed  out  of  the  potatoes, 
which  are  then  dried  in  the  air  until  they  are  reduced  to  about  one- 
fourth  of  their  original  weight.  There  is  a  variety  of  similar  prep- 
arations in  American  and  European  markets,  and  although  the  mode 
of  procedure  differs  considerably  in  the  various  brands  the  main  prin- 
ciple is  the  same,  namel}^,  to  check  bacterial  action.  The  changes 
which  we  call  decay  are  caused  mainly  by  the  development" of  bacteria. 
Those  can  reproduce  only  where  there  is  moisture  and  warmth  present. 
Then^fore,  if  the  moisture  is  removed,  their  growth  is  retarded.  The 
fact  that  the  bulk  of  the  potatoes  is  reduced  at  the  same  time  is  espe- 
cially advantageous  because  such  dried  preparations  are  used  mainly 
for  camping  expeditions,  long  sea  voyages,  and  under  other  conditions 
where  storage  space  is  at  a  premium.  The  composition  of  such  desic- 
cated or  evaporated  potatoes  is  practically  that  of  the  original  tubers 
minus  more  or  less  of  the  water.  (See  Table  1,  p.  10.)  Of  course  if 
extreme  heat  is  used  in  the  preparation,  part  of  the  starch  may  be 
changed  to  dextrin  and  there  may  be  other  minor  changes  in  the  chem- 
ical composition.  There  is  no  reason  to  suppose  that  these  decrease 
the  nutritive  value.  Various  kinds  of  desiccated  potatoes  have  been 
studied  at  the  California  Agricultural  Experiment  Station.  Their 
water  content  ranged  from  4.8  to  7.9  per  cent,  and  their  total  carbo- 
hydnit(\s  from  77.9  to  80.6  per  cent.  In  fact,  their  general  compo- 
sition was  not  unlike  that  of  good  white  flour.  They  contained  slightly 
loss  water,  protein  and  fat,  slightl}"  more  carbohydrates,  and  noticeably 
more  mineral  matters.  Of  course  desiccated  potatoes  are  supposed  to 
he  soaked  in  water  before  using  and  in  this  way  regain  somewhat  their 
original  characteristics.  While  their  flavor  and  appearance  can  not 
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equal  those  of  good  f  resli  potatoes,  they  are  considered  very  appetis- 
ing and  acceptable  where  fresh  ones  are  unobtainable. 

Chemical  substances  are  sometimes  used  for  improving  the  color 
(i.  e.,  ^^ bleaching'-)  of  desiccated  potatoes.  While  a  snoall  quantity 
of  these  may  be  harmless,  their  continued  presence  in  the  diet  might 
be  very  dangerous,  and  their  use  is  not  to  be  recommended. 

Canned  potatoes  are  on  the  market  and  are  prepared  for  use  in 
camps  or  wherever  it  is  not  cx)nvenient  to  cook  food.  They  also  may 
be  kept  in  good  condition  for  a  long  time.  In  composition  such  goods 
do  not  differ  from  similar  freshly  cooked  potatoes. 

STORAGE:    ITS  EFFECT  ON  aUALITY. 

It  is  a  fact  of  common  experience  that  potatoes  suffer  more  or  less 
change  during  storage.  If  the  tubers  were  originally  diseased,  the 
rot  or  other  disease  will  go  on  developing  until  the  potatoes  are  quite 
unlit  for  food,  or  if  they  have  been  bruised  and  are  stored  in  a  very 
warm,  moist  place,  the  injured  portion  offers  an  entrance  to  micro- 
organisms and  bacteria  may  develop  in  them  and  produce  decay.  But 
aside  from  these  abnormal  changes,  there  are  others  which  occur 
under  the  best  of  conditions.  Everyone  knows  how  potatoes  shrink 
and  change  their  flavor  as  the  winter  grows  late.  The  water  tends  to 
evaporate,  and  this  is  accompanied  by  certain  chemical  changes  within 
the  tuber.  Tlie  potato,  it  must  be  remembered,  is  not  a  dead  thii^, 
but  one  in  which  aetive  plant  life  is  waiting  to  be  renewed  as  soon  as 
conditions  are  favorable.  Even  during  the  latent  winter  period  the 
protoplasm  of  the  cells  is  constantly  producing  minute  changes  in 
which  pail  of  the  sugar  is  broken  down  and  carbonic  acid  and  water 
are  given  off.  Part  of  the  insoluble  starch  is  also  changed  into 
dextrin  and  other  soluble  forms.  This  is  believed  to  be  due  to  the 
action  of  ferments  normally  present,  which  aid  the  plant  by  thus 
changing  its  stored  food  into  a  form  in  which  the  protoplasm  can  use 
it  for  now  growth.  The  extent  of  these  changes  seems  to  depend  on 
the  agi?  of  the  tuljcr  and  the  temperature  at  which  it  is  kept.  The 
oUh'r  it  is  the  more  ready  it  will  be  to  begin  its  new  growth  and  the 
moni  abundantly  will  the  starch  be  converted  into  sugara.  This 
explains  why  old  j>otat()es  are  less  starehy  and  mealy  and  sometimes 
swe(^ter  than  fresh  ones.  The  temperature  affects  especially  the 
activity  of  the  protoplasm  and  the  production  of  water  and  carbonic 
acid  from  thci  sugar,  and  thus  it  is  that  potatoes  stored  in  a  warm  place 
are  more  likely  to  shrink  than  those  in  a  cool  place.  These  facts  also 
suggest  why  frozen  potatoes  have  such  a  sweet  taste;  the  change  of 
starch  into  sugar  by  the  enz3"ms  goes  on  regardless  of  the  cold,  but 
the  activity  of  the  cell  ])r()toplasm  is  checked  by  the  cold  and  instead 
of  being  broken  down  the  sugar  accumulates.     The  sweet  taste  is 
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more  noticeable  in  tubers  which  have  been  slowly  frozen  than  m  ihoM 
subjected  to  a  sudden  cold  because  the  sugar  has  had  a  longer  oppor-' 
tunity  to  form.  If  frozen  potatoes  are  left  for  a  few  days  in  a  mod- 
erate temperature,  part  of  the  sugar  wiH  revert  to  starch  and  the 
sweet  taste  in  a  measure  disappear,  but  such  potatoes  never  wholly 
regain  their  original  flavor.  Of  course  the  amount  of  material  which 
is  broken  down  during  storage  will  vary  with  the  conditions,  but 
sound  potatoes  properly  stored  should  not  shrink  more  than  10  or 
12  per  cent.  The  most  favorable  temperature  for  keeping  potatoes 
is  from  32  to  50°  F.,  and  if  the  storeroom  is  dry,  well  aired,  and 
partly  lighted,  they  are  less  likely  to  be  attacked  by  disease. or  harm- 
ful bacteria. 

Toward  spring,  or,  if  the  tubers  are  old,  even  during  the  winter, 
potatoes  begin  to  show  signs  of  new  growth,  no  matter  how  carefully 
they  have  been  stored.  Of  course  after  the  sprouting  begins,  the 
chemical  changes  take  place  very  rapidly  and  the  quality  of  the  pota- 
toes for  food  falls  oflf  decidedly.  The  reserve  starch  is  drawn  on  by 
the  growing  shoots  and  with  it  goes  the  '' mealiness." 

POSSIBLE  DANGERS  FB.OM  EATINO  PpTATOEB. 

As  has  already  been  pointed  out  (p.  7),  potatoes,  when  first  intro- 
duced into  Europe,  were  regarded  as  poisonous.  This  prejudice  was 
soon  overcome  and  the  fact  generally  recognized  that  under  ordinary 
circumstances  potatoes  are  unquestionably  wholesome  food.  Occa- 
siouully  on(^  hears  of  a  person  who  is  made  ill  by  eating  potatoes  just 
as  some  are  made  ill  by  milk,  by  strawberries,  or  other  food.  Such 
cases  are  rare  and  due  to  individual  idiosyncracy.  Reference  can  not 
bo  nuide  hero  to  diabetes  or  other  conditions  of  ill  health  in  which 
potatoes  and  similar  starchy  foods  are  not  permitted,  since  this  is 
a  subject  which  pertains  to  the  practice  of  medicine  rather  than  to  a 
discussion  of  dietetics. 

Cases  of  actual  poisoning  from  potatoes  are  not  unknown,  and  per- 
haps, without  exception,  have  been  found  to  be  due  to  an  abnormal 
solanin  content  such  as  is  found  in  sprouted  tubers,  in  very  old  pota- 
toes, and  in  potatoes  which  have  turned  green  on  exposure  to  the  light. 
Solanin  is  a  characteristic  constituent  of  potatoes  and  other  plants  of 
the  same  family.  It  is  acrid  in  taste  and  is  poisonous.  Only  a  trace, 
however,  about  U,Ul  per  cent  on  an  average,  is  found  in  the  tubers  of 
the  varieties  which  are  grown  for  the  table,  and  this  quantity  is  far  too 
small  to  cause  any  unpleasant  symptoms.  It  is  claimed  that  the  char- 
acteristic Havor  of  potatoes  is  due  to  this  mere  trace  of  solanin.  At 
any  rate,  the  very  starchy  potatoes  which  are  lacking  in  flavor  contain 
only  about  half  as  much  solanin  as  the  better  table  varieties.  Potatoes 
which  have  grown  on  the  surface  of  the  ground  or  which  have  been 
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exposed  to  the  light  frequently  turn  green,  and  such  tubers  contain 
abnormal  amounts  of  solanin,  as  do  old  and  shriveled  potatoes  which 
have  sprouted.  It  is  best  not  to  use  such  old  potatoes,  but  if  they  are 
eaten  the  flesh  around  the  sprouts  should  be  cut  away,  as  this  portion 
is  particularly  liable  to  contain  solanin.  Small  or  unripe  tubers  con- 
tain a  higher  percentage  of  solanin  than  full-grown  tubers. 

Analysis  has  shown  that  wild  potatoes  contain  practically  the  same 
kind  and  proportion  of  nutrients  as  the  cultivated  varieties.  The 
solanin  content,  however,  is  very  considerably  larger,  0.8  per  cent 
having  been  found.  These  wild  potatoes  when  cooked  are  slimy  and 
almost  translucent  and  entirely  inedible. 

MABKS  OF  0OOD  POTATOES. 

Appearance,  taste,  and  consistency  are  the  points  by  which  we  judge 
a  cooked  potato.  Unfortunately  it  is  not  always  easy  to  tell  from 
their  appearance  which  raw  potatoes  will  prove  the  best,  but  there 
are  certain  marks  which  aid  in  making  a  choice. 

The  early  varieties  and  young  potatoes  generally  ire  preferable  to 
more  mature  ones  in  point  of  flavor.  Such  tubers  usually  have  a 
smoother  skin  than  older  ones.  They  are  not  as  mealy,  however,  and 
do  not  keep  as  well.  Late  in  the  season,  therefore,  well  developed 
tubers  are  safer.  Very  large  ones  are  not  especially  desirable,  partly 
because  it  is  hard  to  cook  them  evenly  and  partly  because  they  are 
often  very  variable  in  texture.  Smooth,  regularly  shaped  tubers  with 
comparatively  few  e3^es  are  more  economical  than  irregular  ones 
which  can  not  be  peeled  without  undue  waste.  In  this  country  white 
or  creamy-fleshed  varieties  are  preferred,  but  in  Europe  yellow-fleshed 
varieties  are  most  esteemed. 

Different  varieties  may  have  distinct  flavors,  but  the  soil  and  climate 
in  which  they  are  grown  and  the  fertilizers  used  cause  such  great 
variations  that  variety  alone  is  no  sure  guide.  Age  is  by  far  the  most 
important  point  in  determining  flavor.  The  early  varieties  usually 
contain  a  larger  proportion  of  mineral  matters,  acids,  and  protein,  and 
therefore  have  a  richer  flavor,  as  has  already  been  said.  Tubers  old 
enough  to  sprout  begin  to  develop  an  acrid  taste,  due  in  part  at  least 
to  an  increased  solanin  content,  which  makes  them  less  desirable.  (See 
p.  19  also.) 

AVatory  potatoes  are  always  undesirable  because  they  become  soggy 
in  cooking.  Young  tubers  are  more  juicy  than  mature  ones  but  their 
juice  often  holds  so  much  more  protein  in  solution  that  they  cook  with 
a  pleasant  waxy  consistency.  A  good  meal}'^  potato  should  feel  firm 
when  pressed  in  the  hand.  If  cut,  it  should  separate  crisply  under  the 
knife  and  be  of  even  density  throughout.  If  the  core  is  large  and  soft, 
it  will  make  a  soggy  mass  full  of  holes  in  the  center  when  cooked. 
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DIGESTrBILITY  OF  POTATOES. 

In  spite  of  the  fact  that  potatoes  are  eaten  by  all  sorts  of  people  the 
world  over  and  are  generally  conceded  to  be  healthful  as  well  as  pala- 
table, one  occasionally  hears  it  said  that  they  are  unwholesome.  It 
has  already  been  shown  how  little  basis  there  is  for  the  statement  that 
they  contain  large  quantities  of  cellulose  and  how  much  the  danger  of 
solanin  poisoning  is  sometimes  exaggerated .  Better  proof  of  their 
wholesomeness  and  digestibility  than  the  facts  of  universal  experience 
might  seem  superfluous.  Still,  much  careful  experimenting  has  been 
done  to  determine  how  much  of  each  of  the  nutrients  can  be  readily 
utilized  by  the  bod}'  and  the  general  effect  of  potatoes  in  the  diet.  Of 
course  the  real  nutritive  value  of  any  material  depends  on  the  amount 
of  nutrients  which  the  digestive  organs  can  make  available  for  the 
formation  of  body  material  or  the  production  of  energy  for  its  activi- 
ties, rather  than  on  the  gross  amount  consumed.  Almost  the  earliest 
digestion  experiments  with  potatoes  w^ere  made  twenty-five  or  more 
years  ago  in  Germany  by  Rubner,  who  experimented  with  a  man 
accustomed  to  eating  large  quantities  of  potatoes,  and  kept  him  for 
two  da}  s  on  a  diet  of  boiled  potatoes,  eaten  either  plain  with  salt  or 
with  oil  and  vinegar  as  a  salad.  As  is  common  in  such  tests,  he  meas- 
ured and  anal3'zed  the  bodily  excreta  during  the  experiment,  deducted 
the  nutrients  appearing  in  them  from  the  amount  consumed  in  the 
potatoes  and  let  the  difference  between  the  two  represent  the  amount 
available  to  the  body.  Such  a  diet  is  of  course  very  irksome  to  a  per- 
son accustomed"  to  a  more  varied  one,  and  it  could  hardly  })e  expected  that 
even  with  a  subject  used  to  large  quantities  of  potatoes  the  digestive 
organs  would  do  their  work  to  the  best  adv^antage  and  it  is  not  surpris- 
ing to  learn  that  there  was  some  digestive  disturbance.     Nevertheless, 

92.4  per  cent  of  the  carbohydrates  and  67.8  per  cent  of  the  nitrogen 
were  utilized  by  the  body.  In  later  experiments  by  Constantidini, 
the  potatoes  were  made  into  a  puree  with  milk  and  butter  and  in  this 
more  palatable  diet  S0.5  per  cent  of  the  total  nitrogen  was  utilized  and 

99.5  per  cent  of  the  carbohydrates.* 

In  Russia  similar  experiments  were  made,  in  which  first  a  mixed 
diet  and  then  potatoes  alone  were  fed  to  healthy  men.  Here  again  93 
per  cent  of  the  carbohydrates  were  found  to  be  digestible,  but  only  59 
per  cent  of  the  protein.  Later  German  experiments  indicated  a  more 
thorough  digestion  of  protein.  Experiments  have  also  been  made 
under  the  auspices  of  this  Department  at  the  University  of  Minnesota. 
In  tliese  a  mixed  diet  of  e^gs^  milk,  and  cream,  together  with  large 
(luantities  of  potatoes,  was  given  to  a  healthy  young  man  for  four 
duy^.  The  digestibility  of  the  eggs,  milk,  and  cream  was  already 
known  and  the  digestibility  of  the  potatoes  alone  was  calculated  by 
difference.     Of  the  protein  furnished  by  potatoes  71.9  per  cent  was 
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utilized  by  the  body  and  93  per  cent  of  the  carbohydrates.  A  series 
of  similar  experiments  with  three  men  living  on  a  mixed  diet,  includ- 
ing large  quantities  of  potatoes  and  other  vegetables,  was  made  at 
Wesleyan  University.  In  this  series  there  was  considerable  variation 
in  the  digestibility  of  the  protein  by  the  three  subjects,  the  results 
being,  respectively,  D3,5,  78.5,  and  4A.7  per  cent.  There  was  less 
variation  in  the  digestibility  of  the  carbohydrates,  the  figures  l>eing 
99.9,  99.2,  and  98  per  cent.  The  average  digestibility  of  protein  in 
these  experiments  was  73  per  cent,  and  of  carbohydrates  99  per  cent 
The  discrepancies  between  the  results  obtained  by  the  different  inves- 
tigators are  doubtless  due  to  differences  in  method  and  to  individual 
peculiarities  of  the  subjects. 

The  experiments  above  described  tell  nothing  of  the  ease  or  quick- 
ness of  digestion.  Little  information  is  available  on  this  point  re- 
garding any  kind  of  food.  In  Beaumont's  famous  observations  on  a 
French-Canadian  trapper  with  a  gunshot  wound  in  his  stomach,  roasted 
or  baked  potatoes  were  found  to  pass  through  the  stomach  into  the 
int(»stines  in  about  two  hours,  and  boiled  potatoes  in  three  hours. 
Bread  required  three  hours.  The  digestion  of  carbohydrates  (the  most 
important  nutrients  in  potatoes)  is  accomplished  mainly  in  the  intes- 
tines, so  that  such  data  have  very  little  practical  value.  To  the  ordi- 
nary healthy  person  it  probal)!}^  makes  little  difference  whether  within 
reasonable  limits  his  food  digests  slowl}''  or  quickly,  provided  it 
digests  normally. 

There  is  practically  no  reliable  evidence  as  to  what  fonn  of  cooking 
makes  potatoes  most  digestible,  but  what  little  there  is  suggests  that 
the  differences  l)etweon  the  various  methods  are  slighter  than  is  com- 
monly supposed.  It  seems  probable  that  well-cooked  mealy  potatoes 
in  which  the  starch  grains  are  thoroughly  broken  open  offer  less  re- 
sisliiuce  to  the  action  of  the  digestive  juices  than  ill-cooked  soggy  ones 
with  the  flesh  only  partially  broken  down,  which  enter  the  alimentary 
tract  in  lumps.  But  how  important  such  differences  are  no  one  really 
knows. 

PLACE  OF  POTATOES  IN  THE  DIET. 

When  potatoes  are  selling  at  60  cents  a  bushel,  10  cents  spent  for 
them  will  buy  about  10  pounds  of  tubers.  The  same  sum  spent  for 
wheat  bnjad  at  5  cents  a  pound  loaf  will  purchase  only  2  pounds  of 
mat(u-ial.  At  first  glance  it  might  seem  that  potatoes  are  much  cheaper 
than  bread,  but  they  contain  so  much  more  refuse,  and  especially  water, 
than  the  bread  that  the  10  pounds  furnish  only  al)out  the  same  quan- 
tities of  protein  and  fat  and  slightly  more  carbohydrates  than  tl^  2 
I)ounds  of  bretid.  Considering  that  hardh'  more  than  one-half  of  the 
protein  of  potato(^s  is  of  a  kindsuitjible  to  build  body  tissue,  it }»  easy 
to  s<^e  why  in  spite  of  their  cheapness  and  similar  compositttMa  they 

295 


23 

should  not  occupy  the  same  place  in  the  diet  as  bread.  A  diet  of  bread 
rtlouo  would  be  rather  too  one-ttided  for  the  best  development  of  bodily 
powei*s,  but  would  coiue  nearer  to  supplyixig  the  required  protein  with* 
out  excess  of  carbohydrates  than  potatoes  alone.  According  to  gener- 
ally accepted  standards^  a  man  at  moderately  active  work  requires 
about  one-fo«irth  pound  of  protein  a  day ^  along  with  sufficient  fats  and 
carbohydrates  to  give  the  total  food  aii  energy  value  of  about  3^500 
'Calories.  It  would  tiike  about  9  pounds  of  potatoes  to  furnish  iixhs  en* 
ergy,  but  that  amount  would  yield  onl}"  about  0.12  pound  of  true  pro- 
teid,  or  one-half  of  the  amount  called  for  by  the  standard.  About  19 
pounds  of  potatoes  would  be  needed  to  yield  the  required  0.25  pomid 
of  true  proteid,  an  obviously  impossible  bulk  for  a  day's  ration.  The 
'''potato  belly,''  often  spoken  of  as  occurring  among  the  European 
peasants  accustomed  to  eating  large  quantities  of  potatoes,  represent 
the  attempt  of  the  body  to  adapt  itself  to  such  conditions  by  distending 
the  stomach  and  bowels.  Except  under  the  stress  of  necessity ,^  how- 
ever, no  one  lives  entirely  on  potatoes.  Ordinarily  they  are  eaten 
with  other  foods  rich  in  protein,  such  as  meat,  milk,  eggs,  etc.,  and 
thus  supplement  these  nitrogenous  foods  by  furnishing  the  needed  car- 
bohydnit(  s.  Their  abundant  mineral  mattei-s  are  ako  valuable  in  aid- 
ing the  processes  of  digestion,  and  are  supposed  to  prevent  scurvy.  \s 
was  stated  above,  their  carbohydrates  are  very  thoroughly  digested. 
They  are  easy  to  cook,  and  can  be  prepared  in  so  many  ways  that  they 
add  variety  to  the  list  of  vegetable  dishes,  especially  in  winter,  when 
gre(*n  vi^getables  are  not  common.  They  have  a  mild,  agreeable  flavor 
acceptable  to  almost  everyone,  but  which  is  not  sufficiently  pronounced 
to  l)ecome  tiresome.  Owing  to  the  ease  with  which  they  are  grown 
and  their  a))undant  yield,  they  sell  at  a  price  within  the  rea^'h  of  all. 

Considering  all  these  advantages,  it  is  not  surprising  that  in  the 
temperate  regions  of  Europe  and  America  they  rank  next  to  the 
breadstuii's  as  a  source  of  carbohydrates  in  the  diet. 

CETEWAYO,  OE  ZULU,  POTATOES. 

The  Cetewayo,  or  Zulu,  potato,  a  wild  variety  of  Solanmn.  tuberfmtm 
found  in  Africa,  is  sometimes  grown  as  a  garden  vegetable  for  its 
fliivoi-  and  novelty.  It  has  practically  the  same  percentage  compo- 
sition as  the  ordinary  potato.  AVhen  cooked,  the  flesh  is  purple 
in  color,  but  when  brought  in  contact  with  vinegar,  as  in  salads,  it 
turns  red. 

SWEET  POTATOES. 

The  plants  which  we  know  in  the  United  States  as  sweet  potatoes 
are  known  to  the  botanists  as  Ij>omwa  hafata  or  Batatas  edtdi^f  and  are 
probably  natives  of  the  Malay^*^  Aixhipelago.     They  were  introduced 
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into  Europe  earlier  than  the  white  potato  and  were  formerly  so  com- 
monly grown  in  the  warmer  countries  of  Europe  that  when  the  white 
potatoes  supplanted  them  the  latter  took  their  English  name  from  a 
corruption  of  the  usual  European  name  of  sweet  potatoes — batates. 
Since  then,  however,  they  have  fallen  into  disfavor  in  Europe,  being 
considered  too  sweet  to  be  used  as  vegetables  and  not  sweet  enough  to 
fill  the  place  of  cakes,  sweet  fruits,  etc.  The  few  that  appear  in 
European  markets  come  mainly  from  southern  Spain,  northern  Africa,  * 
or  the  Canary  Islands,  and  are  iiither  poor  in  quality. 

There  are  many  cultural  varieties  of  the  sweet  potato,  which  differ 
in  color,  size,  and  other  characteristics  of  the  tuber. 

The  Chinese  and  Japanese  use  one  or  two  varieties  similar  to  those 
grown  in  the  United  States,  and  others  are  said  to  be  grown  in  the 
Pacific  islands,  but  the  chief  present  home  of  the  sweet  potato  is  the 
warmer  regions  of  North  and  Central  America  and  the  West  Indies. 
In  the  Southern  States  they  play  almost  as  important  a  part  as  the 
white  potatoes  do  in  other  pai*ts  of  the  country,  and  they  have  almost 
usurped  the  name  potato.  They  are  also  sometimes  called  yams,  a  name 
which  really  belongs  tb  an  entirel}'-  different  order  of  plants,  hardly 
known  outside  of  tropical  countries  (see  page  32).  "Yam,"  however, 
is  not  applied  so  much  to  the  dry,  starchy  varieties  which  are 
demanded  by  Northern  markets  as  to  the  sweeter  and  more  juicy 
kinds  preferred  in  the  South.  The  edible  portion  of  the  sweet-potato 
plant  is  not  an  underground  stem,  like  the  white-potato  tuber,  but  a 
true  root.  Its  internal  structure  is  more  uniform  than  that  of  the 
white-potato  tuber,  but  its  role  in  the  life  history  of  the  plant  is  much 
the  same — i.  e.,  to  act  as  a  storehouse  of  plant  food  for  the  growth 
and  early  development  of  a  new  crop  of  plants.  Above  ground  the 
plant  is  a  vine  which  occasionally  produces  flowers  (and  in  warm 
countries,  seeds)  resembling  somewhat  their  relatives,  the  morning- 
glory;  ordinarily,  however,  it  relies  on  its  roots  for  reproduction. 
The  first  touch  of  frost  is  fatal  to  the  vines  of  most  varieties,  so  the 
cultivation  is  limited  to  wann  climates  where  the  growth  is  practically 
continuous  and  the  plants  perennials  or  to  regions  where  the  summer 
is  long  enough  to  insure  the  ripening  of  a  crop.  Some  varieties  are 
more  resistant  to  cold  than  others  and  are  extensively  grown  as  far 
north  as  New  Jersey. 

The  color  of  the  sweot-potato  skin  I'anges  from  light  tan  to  dark 
brown  or  rod  and  purplish  tones,  and  the  flesh  from  almost  white  or 
pale  lemon  yellow  to  a  deep  reddish  orange.  The  medium  and  lighter 
shades  are  most  frequently  seen  in  the  Northern  markets.  The 
weight  of  the  tubers  also  varies  considerably,  but  those  which  are  of 
medium  size  and  of  regular  shape  are  to  be  preferred  for  the  table,  as 
they  cook  more  evenly  and  may  be  prepared  with  less  waste. 
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COMPOSITION  AND  NUTRITIVE  VALUE. 

In  general  chemical  composition  the  sweet-potato  root  resembles 
the  tuber  of  the  white  potato,  although  there  are  important  differences 
between  them.  The  average  composition  of  sweet  potatoes  raw  and 
cooked  is  given  in  Table  2,  together  with  similar  figures  for  the  white 
potato. 

Table  2. — Average  composition  of  sweet  and  white  potatoes . 


Kind  of  potato. 


Sweet  potatoes  (edible  portion) . . . I 

Sweet  potatoes  (as  purchased ) i 

Sweet  potatoes  (cooked) 

Sweet  potatoes  (canned) | 

White  potatoes  (edible  portion)  ..■ 
White  potatoes  (as  purcnased) 


Water. 

Pro- 
tein. 

Fat. 

Carbohydrates. 

Ash. 

Refuse. 

Sugar, 

starch, 

etc. 

Crude 
fiber. 

Per  ct. 

Perct. 
69.0 
56.2 
51.9 
55.2 
78.3 
62.6 

Perct. 
1.8 
1.4 
3.0 
1.9 
2.2 
1.8 

Perct. 
Q.7 

2!l 

Perct. 
26.1 

Perct. 

13 

Pcrd, 

1.1 

.9 

.9 

1.1 

1.0 

.8 

20.0 

21  9 

42.1 
40.6  1          .8 
18.0            .4 

14.7 
1 

'"*26.'6" 

Fuel 

value 

per 

pound. 


Calories. 
570 
460 
926 
820 
875 
810 


The  proportion  of  total  sweet  potato  discarded  with  the  skin  as 
refuse  is  probably  about  the  same  as  in  white  potatoes,  and  is  esti- 
mated at  20  per  cent.  The  most  noticeable  differences  between  white 
and  sweet  potatoes  are  in  the  carbohydrates  and  water.  Sweet  potatoes 
contain  on  an  average  about  9  per  cent  less  water  and  9  per  cent  more 
carbohydrates  than  white  potatoes.  They  also  contain  as  little,  or 
even  less,  protein;  but  as  the  proportion  of  true  proteids  is  higher 
than  in  white  potatoes,  being  about  1.3  per  cent,  they  supply  rather 
more  tissue-building  material  to  the  body,  pound  for  pound.  This 
advantage,  however,  is  hardly  large  enough  to  be  of  consequence.  Nor 
does  the  fact  that  the}'  contain  a  trifle  more  fat  or  ether  extract  give 
them  a  higher  value  in  the  ordinary  diet. 

More  iniportiint  than  any  of  these  differences  is  that  in  the  nature 
of  the  carl)ohydrates.  Sweet  potatoes  contain  a  slightly  larger  pro- 
lx)rtion  of  crude  fiber  than  white,  though  the  amount  is  no  higher  than 
in  most  vegetables.  As  would  be  guessed  from  their  flavor,  they  con- 
tain considerable  quantities  of  sugar,  part  of  which  is  cane  sugar  and 
part  i  n  vert  sugar  or  glucose.  The  proportion  of  sugar  and  starch  varies 
with  the  climate.  The  warmer  the  place  in  which  the  plant  is  grown, 
the  greater  the  proportion  of  food  laid  by  in  the  form  of  sugar.  Trop- 
ical sweet  potatoes  sometimes  contain  almost  equal  quantities  of  sugars 
and  starch.  Those  grown  in  New  Jersey,  on  the  other  hand,  probably 
do  not  average  more  than  5  or  6  per  cent  of  sugar,  or  about  one-fifth 
of  their  total  carbohydrntes.  As  sweet  potato  culture  has  developed 
during  recent  y^ars,  certain  varieties  have  been  evolved  which  tend  to 
store  more  starch  even  in  the  South,  but  climate  has  so  much  influence 
that  probably  the  dry,  starchy  roots  demanded  by  northern  markets 
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will  never  be  produced  south  of  North  CaroliiUL  Od  the  other  hand, 
the  sweet,  sirupy  ^'yams,"  prized  especially  in  the  South,  could  hardly 
thrive,  except  in  the  South  Atlantic  and  Gulf  States  or  the  extreme 
Southwest. 

>\'hen  sweet  potatoes  are  first  harvested  they  are  left  for  some  time 
to  "sweat,'^  or  to  lose  part  of  their  moisture  by  evaporation  before 
they  are  shut  up  in  storerooms.  Where  they  are  grown  on  a  large 
scale  they  are  sometimes  ^'kiln-dried,^^  i.  e.,  placed  in  a  temperature 
at  about  00^  F.  for  a  week  or  more.  Ordinarily,  however,  it  is  more 
convenient  and  quite  as  desii'able  to  dry  them  more  slowly  at  a  lower 
temperature.  After  the  "sweating  period ■'  they  should  be  stored  in 
a  dry,  well-ventilated  place  at  a  temperature  of  50  to  60*^  F.  Little 
is  accuratel}'  known  about  the  chemical  changes  which  take  place  dur- 
ing storage.  Almost  everyone  has  learned  from  experienee,  however, 
that  late  in  the  season  they  become  watery  and  somtetimes  disagreeable 
in  taste,  especially  if  they  have  been  left  in  a  cold  place,  the  peeuliiar 
and  characteristic  flavor  often  noted  being  due  to  a  bacterial  disease, 
a  sort  of  dry  rot.  These  undesirable  changes  may  take  place  at  any 
temperiiture  below  50^  F.  To  avoid  the  danger  of  shipping  in  cokl 
weather,  the  southern  sweet  potato  crop  is  usually  sent  north  early  in 
the  autumn  and  stored  near  the  retail  market.  New  Jersey  sweet 
potatoes  are  often  buried  in  sand  for  the  winter  and  sold  in  excellent 
condition  late  in  the  season.  Housekeepers  should  be  careful  not  to 
keep  sweet  potatoes  in  cold,  damp  cellars;  in  fact,  many  consider  it 
safer  to  buy  them  in  small  quantities  as  needed.  In  choosing  sweet 
potatoes  at  the  market,  linn,  fresh-h)oking  ones  should  of  course  be 
preferred  to  the  old  and  shriveled  roots,  and  medium  sized,  smooth 
roots  are  more,  satisfactory  than  very  large  or  very  small  ones. 

Early  in  the  season  unri}H>  potatoes  ai-e  sometimes  marketed,  and 
may  be  recognized  by  cutting  them,  lus  the  llesh  will  soon  turn  dark 
green,  whereas  the  propculy  ripened  roots  will  not  change  in  color. 

As  is  the  case  with  storage,  our  knowledge  of  the  changes  which 
cooking  makes  in  sweet  potatoes  is  confined  mainly  to  the  facts  of 
common  experituice.  There*  is  no  reason  to  suppose,  however,  that 
these  changes,  particularly  with  ref(*rence  to  tho  rupturing  of  cell 
walls  and  the  swelling  of  starch  grains,  due  to  the  absorption  of  water, 
etc.,  diiler  greatly  from  those  which  take  j)lace  in  white  potatoes. 
One  })oint  is  generally  noticeable  -the  longer  the  cooking  is  continued 
th(»  more  moist  does  the  root  become.  This  is  pi-obably  due  to  changes 
in  the  carbohydrates.  Fart  of  the  starch  is  doubtless  changed  to  solu- 
ble carbohydrates  by  the  heat  and  then  dissolved  in  the  juice,  and  the 
cane  sugar  is  inverted— that  is,  split  u])  into  simpler  sugar.  The  very 
sweet  southern  varieties  become  so  moist  during  l)aking  that  a  simp 
freijuentl}^  exudes  through  the  skin. 
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Sweet  potatoes  may  be  {N?epared  for  the  tabic  m  many  of  th^  wajrs  ] 
used  for  other  starchy  vegetables,  anad  are  al«o  used  for  many  special 
dishes  where  tbtjir  sweet  flavor  is  an  advantage.     In  some  pai'tst  of  , 
Asia  they  are  preserved  in  su^r  much  as  we  preserve  fruits. 

Directions  for  eooking  potatoes  and  other  vegetables  will  be  found 
in  an  earlier  bulletin  of  this  aeries.^ 

DRIED  AND  CANNED  SWEET  POTATOES. 

Dried  sweet  potatoes  were  f ormerlry  a  dotnestic  product,  and  strings 
of  them  were  hung  from  tte  rafters  aleng:  with  apples^and  other  dried 
fruits  and  vo<^etables,  but  in  these  days  of  storage  warehouses  the 
custom  has  vcny  largely  passed  away.  Special  devices  for  evaporating 
sweet  potatoes  ai-e  on  the  market,  and  desiccated  sweet  potatoes  are 
prepared  in  nmch  the  same  way  as  desiccated  white  potatoes  and  are 
sold  to  some  extent.  The  Soutli  Carolina  Experiment  Station  has 
devoted  considerable  attention  to  studying  the  possibilities  of  this 
industry/^  \ 

AVithin  recent  years  the  practice  of  canning  sweet  potatoes  has  been 
developed  with  so  much  success  that  it  is  now  an  important  industry. 
Medium  siy.ed  roots  are  usually  ehoscH  for  canning,  and  they  are  gen- 
erally put  up  in  3-pound  tins.  Canned  sweet  potatoes  have  been  used 
in  the  army  ration  in  the  Philippines  and  are  said  to  be  in  demand  in 
lumber  camps  and  mining  camps^  They  are  also  used  like  other  canned 
vej^etables  when  it  is  not  convenient  to  depend  upon  a  fresh  supply. 

Although  the  bulk  of  the  sweet  potato  crop  is  used  for  human  food, 
some  of  the  coarser  kinds  are  fed  to  stock  and  a  small  part  is  used  for 
the  prepaiation  of  sweet  potato  flour — that  is.  sliced,  dried,  and  ground 
tiiljers— and  for  the  ms^nufacture  of  starch. 

DIGESTIBILmr  AND  PLACE  IN  THE  DIET. 

So  far  as  can  be  learned,  the  only  digestion  experiments  which  have 
been  made  with  sweet  potatoes  are  those  reported  from  Japan  and 
(juoted  at  length  in  a  summary  of  Japanese  investigations  published 
by  this  Department. ''  Judging  by  these  results,  98  per  cent  of  the 
carbohydrates  of  sweet  potatoes  are  digested,  or  a)x>ut  the  same  as  in 
the  case  of  white  potatoes.  The  values  for  protein  were  very  variable, 
i)ut  on  the  whole  were  lower  than  for  protein  of  white  potatoes. 

It  is  a  matter  of  common  experience  that  sweet  potatoes  are  whole- 
some and  as  a  rule  are  digested  by  the  average  man  without  distress. 
]\Iany  persons  find  the  starchy  varieties  so  ^'dry"  that  they  do  not 
relish  them  without  adding  large  quantities  of  butter.     This  makes  a 

'U.  S.  Dt-pt.  Agr.,  Farmer:^'  Bui.  256. 

^'Sontli  Caroliiiii  Stn.  Rul.  71;  U.  S.  Dept.  .Vgr.,  Farmera'  Bui.  169,  p.  25. 
'T.  S.  Dept.  Agr.,  Offi^;e  of  Experiment  Stations  Biil-15»,  p,  174j. 
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rather  rich  mixture  and  is  perhaps  accountable  for  the  digestive  dis- 
turbance occasionally  experienced. 

Considering  both  composition  and  digestibility,  it  may  be  said  that 
the  nutritive  value  of  sweet  potatoes  is  much  the  same  as  that  of  ' 
white  potatoes  and  that  they  are  well  fitted  to  occupy  the  same  place 
in  the  diet  and  furnish  a  palatable  substitute  for  white  potatoes. 
Further,  their  characteristic  and  pleasing  flavor  is  an  additional 
advantage.  In  the  North  they  frequently  cost  somewhat  more  than 
white  potatoes,  but  are  still  among  the  cheaper  vegetables.  In  the 
South  they  are  quite  as  cheap  or  cheaper  than  white  potatoes,  and 
merit  their  extensive  use. 

THE  JEEUSALEM  AETIGHOKE. 

The  Jerusalem  artichoke  (Jerusalem  being  a  corruption  of  "gira- 
sole,"  the  Italian  name  for  ^sunflower)  is  a  tuber-bearing  member  of 
the  sunflower  family,  as  its  Latin  name,  Ilelianthus  tuberosus^  implies, 
and  is  entirely  distinct  from  the  French  or  globe  artichoke.  Many 
farmers  in  this  country  are  prejudiced  against  the  Jerusalem  artichoke, 
considering  it  an  undesirable  weed,  but  in  Europe,  and  to  a  certain 
extent  in  the  United  States,  it  is  believed  to  be  a  valuable  plant,  since 
the  forage  may  be  fed  to  stock,  while  the  abundant  tubets  are  useful 
as  a  vegeta))le  and  also  for  farm  animals.  In  flavor  the  tubers  slightly 
resemble  the  globe  artichoke,  and  this  doubtless  accounts  for  their 
name.  They  contain  on  an  average  78.7  per  cent  water,  2.5  per 
cent  protein,  0.2  per  cent  fat,  17.5  per  cent  total  carlwhydrates  of 
which  0.8  per  cent  is  crude  fiber,  and  1.1  per  cent  ash.  In  the  absence 
of  accurate  determinations  it  may  be  assumed  that  the  waste  in  pre- 
paring the  tubers  for  the  table  is  the  same  as  in  the  case  of  potatoes, 
namely,  20  per  cent.  Judged  by  these  values  the  artichoke  tubers  are 
quite  similar  in  composition  to  potatoes  (see  page  10).  They  differ, 
however,  very  markedly  in  respect  to  the  nature  of  the  carbohydrates 
which  are  present,  inulin  and  levulin  (which  are  closely  related  to 
«^tarcb  '^^'^niically),  and  a  considerable  amount  of  pectose  bodies  replac- 
jnc  ^  ii— 1-  -111*..]  u  *^i'^^'^^;teristic  of  potatoes.  It  is  owing  to  the 
•       '  ciuc..  em  artichokes  are  included  in  the  vege- 

'^•^^^^  ^^'^^  '"^   »^ith  diabetes.     Little  is  known 

V V-  '»nl  en  p'>^ohydrates  which  these 

•  "  '  .—  •  '•'  chat  they  do  not  differ 
-I"  •  x^ommon  experience  has 

-'•      -•  ^  -■•••lesome  and  a  pleasant  addi- 

•     njured  by  frost  and  may 

•  ■•  ^gctablcs  are  not  very  oom- 

'    ^nsHy  grown,  the  Jerusalem 
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STACHYS. 

This  vegetable,  known  to  the  botanists  as  Stachys  m^oldi^  has  been 
introduced  into  America  from  Japan  and  has  a  number  of  different 
names,  such  as  Japanese  potato,  Chinese  artichoke,  chofogi,  etc.,  but 
the  name  stachys  seems  to  have  been  adopted  as  the  common  one  in 
this  country.  The  plant  is  a  small  perennial  belonging  to  the  mint 
family  and  produces  just  below  the  ground  a  multitude  of  small  white 
crisp  edible  tubers  varying  from  an  inch  to  two  and  one-half  inches  in 
length  and  about  one-half  an  inch  in  thickness  and  marked  b}^  irregular 
spiral  rings,  which  give  them  a  corkscrew-like  appearance. 

Stachys  has  been  tested  at  the  New  York  (Cornell)  and  a  number  of 
the  other  agricultuml  experiment  stations,  and  proved  so  eas}^  of  culti- 
vation and  pleasant  in  taste  (the  flavor  resembling  artichokes)  that  the 
vegetable  has  made  many  friends  and  is  now  procurable  at  the  markets 
in  most  of  our  larger  cities.  The  agreeable  quality  is  in  considerable 
measure  due  to  the  crispness  of  the  tubei-s,  and  as  this  disappears 
when  they  are  exposed  to  the  air  they  should  be  stored  in  sand  or  saw- 
dust. They  are  ready  for  use  when  the  plant  dies  down  in  the  autumn, 
though  they  may  be  easily  carried  over  the  winter  and  are  prepared 
for  the  table  like  potatoes  or  other  vegetables,  or  may  be  eaten  I'aw 
like  radishes.  On  an  average,  stachys  has  the  following  percentage 
composition:  78.6  per  cent  water,  2.7  per  cent  protein,  0.1  per  cent  fat, 
17.4  per  cent  total  carboh3^drates  (0.7  per  cent  being  crude  fiber),  and 
1.2  per  cent  ash.  Like  the  other  roots  and  tubers  which  have  been 
spoken  of,  the  stachys  is  characterized  by  a  high  water  content,  and 
carboh3'drates  constitute  the  principal  nutritive  material.  According 
to  some  authorities  inulin  is  present  in  stachys  in  place  of  starch, 
while  others  state  that  starch  is  replaced  by  a  special  carbohydrate 
called  stachyoso.  A  digestion  experiment  with  stachys  was  made  some 
years  ago  in  Japan  ^  and  it  was  found  that  the  carbohydrates  were 
about  as  thoroughly  digested  as  those  of  potatoes,  95  per  cent  being 
retained  by  the  body. 

TROPICAL  STAECH-BEAEING  EOOTS. 

In  the  Tropics  a  very  large  proportion  of  the  carbohydrates  of  the 
diet  of  both  native  and  European  residents  is  furnished  by  starch-bear- 
ing roots,  such  as  the  cassava,  yam,  yautia,  and  taro.  None  of  these 
arc  conunou  vegetables  in  the  United  States,  though  some  or  all  are 
sold  in  the  oriental  quarti^rs  of  our  cities  and  sometimes  in  a  limited  , 
way  in  other  markets,  and  the  cassava  and  yautia  are  grown  to  some 
extent  in  tlic  Southern  States.  In  Porto  Rico  and  our  other  island.. 
dependencies  such  starch-bearing  roots  are  very  important  articles  of 
diet,  and  as  they  may  be  readily  shipped  in  good  condition  and  are 

«U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  159,  p.  171. 
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known  to  be  palatable  and  wholesome  it  seems  not  unlikely  that  they 
may  become  important  additions  to  the  list  of  starchy  vegetables  com- 
monly used  in  the  United  States. 

The  percentage  composition  of  sweet  cassava  and  some  cassava 
products,  taro,  yams,  and  yautias  is  given  in  the  following  table, 
together  with  that  of  potatoes,  for  purposes  of  comparison: 

Tablb  3. — Averaf^  camposiUon  of^ome  tropical  starch-hearing  roots. 


Water. 

Pro- 
tein. 

Fat. 

Total  carbohy- 
drates. 

Aah. 

VtUfL 

Kind  of  food. 

Bu^ar. 

starch, 

etc. 

Crude 

fiber. 

value  per 
pomia. 

S  WG^t  r£L95IAV&  ..••.••••       ..         •«..••••«•••• 

Peret. 
66.0 
10.5 
10.5 
10.3 
70.9 
72.9 
70.0 
78.3 

1.1 
.5 
9.1 
1.1 
1.8 
1.8 
2,2 
2.2 

Per  a. 
0.2 
.1 
.3 
.2 
.2 
.2 
.2 
.1 

Peret. 
30.2 

Perd. 

Ptrd. 

0.7 

.1 

1.1 

1.6 

1.2 

.9 

.9 

1.0 

Oa3arUt. 

610 

Cassiivii  starch 

88.8 
79  A 

1.6S5 

CassAVH,  brc^id     .  .        .................... 

1,050 

1,970 

476 

CaK«5rtva  ciko.s  or  wafers 

85.2 
28.2 
23.8 
26.1 
18.0 

1.6 
.8 
.6 
.6 
.4 

Taro                             . 

Yams                   

475 

YauLia  tul>ers 

535 

I'olatocs 

975 

CASSAVA. 

The  cassava  now  being  cultivated  to  a  considerable  extent  in  Florida, 
but  rather  as  a  cheap  source  of  commercial  starch,  glucose,  etc.,  than 
as  a  direct  foodstuff,  is  an  American  plant  widely  used  for  food  pur- 
poses throughout  Central  America,  the  West  Indies,  and  the  hot  regions 
of  South  Americii.  There  appear  to  be  two  principal  varieties,  the 
sweet  cassava  and  the  bitter  cassava,  but  only  tlie  ^vfQ^t{]i£anihot  aipi) 
is  cultivated  in  the  United  States.  The  bitter  cassava  gets  its  name 
from  the  fact  that  the  raw  root  contains  considei'ablo  amounts  of  a 
poisonous  pru.ssic  acid  compound,  which  is  volatile  and  may  be  removed 
by  cooking,  or  even,  it  is  said,  l)y  exposure  to  the  hot  sun.  Both  varie- 
cies  are  eaten  as  vegetables,  boiled,  l)aked,  fried,  or  cooked  in  other 
ways,  and  by  drying  and  grinding  are  made  into  a  flour  which  forms 
the  biisis  of  various  sorts  of  ])read  and  l>iscuits.  Bound,  thin,  crisp 
ca.ssjiva  cakes  are  not  infreciuently  on  sale  in  the  United  States  under 
a  viiriety  of  trade  names  and  are  i)opular.  Cassava  starch  is  made  in 
large  quantities  in  the  Tropics  and  has  always  been  prized  as  a  palata- 
ble and  valuable  food  sLarch. 

Judged  by  the  figures  given  in  Table  3,  the  cassava  is  as  rich  in 
stai'ch  as  the  potato,  and  like  it  can  be  classed  as  a  succulent  carbohy- 
drate food.  The  amount  of  protein  and  fat  present  is  very  small,  while 
the  amount  of  mineral  matter  or  ash  is  practically  the  same  as  in  very 
many  other  common  foods.  The  culture  and  uses  of  cassava  and  other 
relatc^d  matters  have  been  discussed  in  a  previous  publication**  of  this 
series** 
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TAKO. 

The  taro  (known  botanically  as  CaJ^adium  colocasia  or  Colocasia  cmti 
quoravi)^  which  is  so  commonly  grown  for  its  edible  roots  in  the  Tropica, 
is  more  familiar  to  most  persons  in  the  United  States  in  one  of  its 
garden  forms,  namely  the  large-leafed  ornamental  plant  sometimes 
called  ''elephants'  ears."  There  are  many  varieties  of  this  plant,  and 
it  constitutes  one  of  the  most  important  starch-yielding  foods  of  native 
races  in  southern  China,  India,  the  West  Indies,  etc.  It  has  a  rather 
disagreeable,  acrid  taste  when  raw,  but  this  disappears  on  cooking. 
The  root  may  be  eaten  boiled,  baked,  or  cooked  in  other  ways,  and  a 
sort  of  flour  is  also  made  from  it.  The  native  Hawaiians  eat  it  in  the 
form  of  poi — a  sticky  dough-like  dish  which  is  allowed  to  ferment 
before  it  is  used. 

The  composition  of  taro  has  been  studied  in  connection  with  the 
nutrition  investigations  of  this  Office  at  the  University  of  California.* 
As  the  figures  quoted  in  Table  3  show,  it  does  not  differ  very  mate- 
rially from  potatoes  in  composition.  Judged  by  a  digestion  experi- 
ment made  in  Japan,*  the  carbohydrates  of  taro  compare  favorably 
in  digestibility  with  those  of  other  starchv  roots,  95  per  cent  having 
been  assimilated. 

YAXTTIA. 

The  yautia,  which  is  closely  i^elated  to  the  taro  botanically,  though 
it  belongs  to  a  different  group  known  as  Xanthosoma,  is  a  very 
important  starchy  food  in  the  West  Indies,  where  it  is  known  by  a 
variety  of  names,  such  as  taniers  or  tannias,  cocoes,  eddoes,  tayc,  etc. 
The  cultivated  varieties  do  not  produce  seed,  though  they  occasionally 
put  out  alxjrtive  blossoms.  The  plants  will  thrive  in  almost  any  moist 
region  free  from  frost  and  produce  a  large  crop  of  roots  in  return  for 
comparatively  little  cultivation.  In  Porto  Rico  every  small  farmer 
has  his  plat  of  yautias,  and  next  to  sweet  potatoes  and  3'ams  they  ai'e 
the  most  iin|)ortant  native  food  crop.  The  flesh  of  the  different 
varieties  rangers  in  color  from  white  to  deep  orange  red.  Both  root 
stalks  and  the  tubers  which  grow  from  them  are  edible,  though  the 
tul)ors  are  considered  the  niore  tender  and  of  better  flavor. 

The  culture  and  uses  of  the  yautia  and  related  questions  have  been 
discusstMJ  in  full  in  a  recent  bulletin''  of  the  Porto  Rico  Experiment 
Stiition. 

The  tJiiu  skin  is  usually  removed  before  the  yautias  are  cooked,  and 
this  (Milails  on  an  average  a  loss  of  about  5  per  cent  of  the  total  weight 
of  iht'  tul)er>.     Yautias  are  cooked  as  a  vegetable  in  many  wa^^s  like 

<^V .  S.  I)ept.  Agr.,  Office  of  Kxperiment  Stations  Bui.  G8. 
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potatoes,  and  a  starch  is  sometimes  made  from  them  which  is  used  for 
making  puddings,  cakes,  etc.  In  connection  with  the  nutrition  inves- 
tigations carried  on  by  the  Office  of  Experiment  Stations,  a  number 
of  tests  were  made  of  the  culinary  qualities  of  yautias,  taro,  and 
yams  supplied  by  the  Porto  Rico  Experiment  Station,  and  it  was 
found  that  these  vegetables  could  be  readily  prepared  for  the  table 
like  potatoes  in  a  number  of  appetizing  ways. 

YAMS. 

The  true  yams  (Diascorea),  which  are  often  confused  with  sweet 
potatoes  (see  p.  24),  belong  to  a  group  of  climbing  plants.  The 
number  of  varieties  found  throughout  the  Tropics  and  subtropics  is 
very  large  and  many  of  them  bear  edible  starch-yielding  roots  which 
vary  greatly  in  size,  some  being  no  larger  than  potatoes  and  others 
several  feet  in  length  and  weighing  30  pounds  or  more.  The  true 
yams  are  grown  extensively  in  southern  China,  Oceania,  Porto  Rico, 
the  West  Indies  and  other  tropical  regions  and  are  very  important 
sources  of  carbohydrates  in  the  diet,  i-anking  in  Porto  Rico,  for 
instance,  next  to  the  sweet  potato. 

When  used  as  a  vegetable  they  are  boiled,  roasted,  or  cooked  in 
other  ways  like  the  potato,  or  ma}"  be  made  ^.nto  a  sort  of  flour  and 
used  ^s  a  breadstuff.  The  flours  and  starches  prepared  from  the  yams 
and  other  tropical  roots  of  course  differ  from  wheat  flour  in  that  they 
contain  no  true  gluten.  The  flesh  of  many  of  the  commoner  yams  is 
white,  though  certain  varieties  are  yellow  fleshed  and  very  much  like 
a  sweet  potato  in  appearance.  In  flavor  the  yam  very  closely  resem- 
bles the  white  potato,  and,  as  ma}"  be  seen  by  the  figures  for  average 
composition  in  Table  3,  also  resemble  the  potato  in  composition.  In 
the  cooking  tests  already  referred  to  above,  some  of  the  yams  used 
were  of  the  large  white  varieties,  weighing  sevei*al  pounds.  These 
were  cut  in  convenient  slices,  cooked  like  potatoes,  and  could  hardly 
be  distinguished  from  them  in  flavor  or  appearance.  The  Japanese 
investigations  noted  elsewhere  (p.  27)  include  a  stud}'^  of  the  digesti- 
bility of  yams,  and  96  per  cent  of  the  total  carbohydrates  was  found 
to  be  assimilated. 

SUCCULENT  ROOTS,  TUBERS,  AND  BULBS. 

There  are  a  number  of  common  root  vegetables  which  resemble  each 
other  in  so  many  points  that  they  may  be  conveniently  grouped 
together  for  discussion.  Prominent  among  these  are  beets,  carrots, 
turnips,  parsnips,  etc.  In  many  cases  the  leaves  and  stems  are  also 
used  as  pot  herbs  or  '^  greens,"  especially  while  they  are  young  and 
tender.  Most  of  these  vegetables  have  developed  from  wild  forms 
whose  roots  are  small,  tough,  and  possessed  of  stronger  flavor  and 
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odor  than  the  cultivated  varieties.  Since  earliest  times  the  ordinary 
succulent  roots  have  been  common  garden  crops.  They  are  cheaply 
grown  in  almost  any  temperate  region  and  are  very  generally  used  as 
food. 

There  are  also  a  number  of  these  roots  grown  for  the  table  in  Europe 
and  elsewhere  which  are  not  often  seen  in  the  United  States  but  which 
agree  in  general  character  with  those  referred  to  above.  Parsnip- 
chervil,  Spanish  salsify,  and  Teltow  turnips  may  be  cited  as  examples. 
Among  the  succulent  roots  used  by  the  Chinese  and  other  Orientals, 
but  not  commonly  used  by  western  races,  may  be  mentioned  arrow- 
head, sacred  lotus,  and  water  chestnut.  These  were  included  in  a 
study^  of  Chinese  foods  sold  in  this  country,  which  was  made  at  the 
California  Experiment  Station  in  cooperation  with  the  nutrition  inves- 
tigations of  the  Offices  of  Experiment  Stations. 

Of  the  bulbs  used  as  food  in  the  United  States,  various  members  of 
the  onion  family  are  the  only  ones  which  need  special  mention,  though 
lily  bulbs  of  different. sorts  are  eaten  by  the  Chinese  and  may  be  pur- 
chased in  our  large  cities,  and  various  wild  bulbs  have  always  been 
gathered  as  food  by  the  Indians.* 

The  following  table  shows  the  composition  of  the  succulent  roots, 
tubers,  and  bulbs  commonly  used  as  food,  as  well  as  the  composition 
of  potatoes,  which  is  included  for  purposes  of  comparison. 

Table  4. — Average  composition  of  mcciUent  roots,  tubers,  and  bulbs. 


Kind  of  vegetable. 


Beets,  fresh 

Beets,  cooked 

Celeriac 

Carrots,  fresh 

Carrots,  deyiceated 

Parenipg 

Salsify  "Oyster  plant" 

Black  salsify 

Radishes 

Turnips,  white 

Turnips,  yellow  (nita-bagas) . 

Kohl-rabi 

Onions 

Garlic 

Potatoes 


I  Refuse 


Per  ct. 
7.0 


20.0 
20.0 


20.0 
26.0 
20.0 


10.0 
10.0 
20.0 
30.0 


20.0 


Edible  portion. 


Water. 


Per  ct. 
87.5 
88.6 
84.1 
88.2 
3.§ 
83.0 
85.4 
80.4 
91.8 


91.1 
87.6 
64.7 
78.3 


Pro- 
tein. 


Perct. 
1.6 
2.3 
1.5 
1.1 
7.7 
1.6 
4.3 
1.0 
1.8 
1.3 
1.3 
2.0 
1.6 
«.« 
2.2 


Fat. 


Per  cl. 
0.1 
.1 
.4 
.4 
.6 
.6 
.3 
.5 
.1 
.2 
.2 
.1 
.3 
.1 
.1 


Carbohydrates. 


Sugar, 

starch, 

etc. 


Per  ct. 
8.8 
7, 

11.8  I 

8.2  I 

80. 

11.0 
6.8 

17.1 
6.1 
6.8 
7.3 
4.2 
9.1 

27.9 

18.0 


Crude 
fiber. 


Per  ct. 
0.9 

4 

1.4 
1.1 

3 

2.6 
2.0 
2.3 
.7 
1.3 
1.2 
1.8 
.8 


Ash. 


Per  ct. 
1.1 
1.6 

.8 
1.0 
4.9 
1.4 
1.2 
1.0 

.1 

.8 
1.1 
1.3 

.6 
1.5 
1.0 


Fuel 

value  per 

pound. 


Calories, 
215 
185 
285 
210 
1,790 
800 
250 
890 
136 
100 
185 
145 
225 
650 
875 


As  a  rule  the  succulent  roots,  tubers,  and  bulbs  contain  larger 
quantities  of  water  than  the  starchy  vegetables  described  in  the  pre- 
ceding sections  and  consequently  have  a  lower  nutritive  value.  The 
proportion  of  protein  which  they  contain  is  low,  and  of  this  small 
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amount  not  more  than  a  third,  and  frequently  only  a  fifth,  ig  in  the 
form  of  albumin  or  similar  compounds.  Various  sugars,  pectose  bodies, 
and,  in  8ome  cases,  pentosans,  very  generally  constitute  the  reserve 
material  which  the  plants  store  up  instead  of  the  starch  characteristio 
of  such  roots  as  the  potato  and  sweet  potato.  As  a  class  these  vege- 
tables are  characterized  by  very  marked  flavors  and  odors  due  to  the 
small  amount  of  volatile  oils  and  similar  substances  which  they  contain. 

Succulent  roots,  tubers,  and  bulbs,  when  considered  from  the  stand- 
point of  the  protein,  fat,  and  carbohydrates  which  they  supply,  are 
much  less  important  components  of  the  diet  than  concentrated  cereal 
foods  or  even  the  comparatively  succulent  starchy  roots  and  tubers. 
They  do,  however,  furnish  some  nutritive  material,  and  are  appetizing 
and  ^enemlly  relished,  and  their  use  often  makes  palatable  an  other- 
wise comparatively  flavorless  dish  or  meal.  Furthermore,  they  con- 
tribute bullc  to  the  diet,  and  this  is  an  important  consideration  from 
the  standpoint  of  normal  digestion.  Perhaps  one  of  the  most  impor- 
tant functions  of  these  succulent  roots,  etc.,  as  indeed  of  most  of  our 
comnion  vegetables  and  fruits,  is  to  supply  the  body  with  mineral 
salts  which  are  needed  for  the  building  and  i-epair  of  tissue,  for  the 
proper  carrying  out  of  physiological  functions,  and  particularly  to 
insure  the  alkalinity  of  the  blood. 

The  ways  in  which  these  and  other  vegetables  may  be  prepared  for 
the  table  are  veiy  numerous  and  have  been  discussed  in  an  earlier 
bulletin  of  this  series.'' 

The  various  vegetables  included  in  the  above  table  each  have  some 
special  characteristics  which  merit  discussion  and  so  they  will  be  taken 
up  separately. 

BEETS. 

Although  the  greater  part  of  the  total  crop  of  beets  or  beet  root,  as 
they  are  called  in  Great  Britain,  is  used  for  the  production  of  sugar  or 
for  the  feeding  of  farm  animals,  yet  beets  are  used  in  such  large  quan- 
tities us  a  human  food  that  they  rank  as  one  of  the  most  common  table 
vegetables.  AVhite  or  y(.'llow  ta))le  beets  are  occasionally  to  be  seen, 
but  the  red  ones  are  th(»  most  common.  The  flavor  is  more  delicate  in 
the  summer  varieties  than  in  the  later  maturing  sorts.  Each  year  the 
southern-grown  l)eets  are  InH-oming  more  common  in  our  winter  mar- 
ket and  are  superseding  the  Itirge  fully  matured  roots  w^hich  were  for- 
merly so  often  stored  as  winter  vegetables  and  which  late  in  the  season 
often  develop  a  rather  bitter  and  unpleasant  flavor.  It  is  sometimes 
said  that  beets  are  more  nutritious  than  turnips,  carrots,  etc.,  but  a 
comparison  of  the  values  for  avei'age  composition  given  in  Table  4 

«U.  S.  Dopt.  Agr.,  Farmers'  Bui.,  256. 
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does  not  substantiate  thin  statement,  all  these  vegetables  being  very 
much  alike  as  regards  the  proportion  of  nutritive  material  present 

Cane  sugar  constitutes  a  considerable  portion  of  the  total  carbohy- 
drates of  beets,  as  high  as  10  per  cent  or  more  having  been  often 
reported.  Some  reducing  sugar  is  also  present.  In  beets  grown  for 
sugar  making  the  percentage  of  cane  sugar  is  considerably  higher, 
souietimes  20  per  cent  or  more,  though  such  high  values  are  the  excep- 
tion. Boots  are  sometimes  said  to  be  very  rich  in  cellulose,  but  this 
does  not  seem  to  be  the  case  with  American  varieties  whose  average 
composition  has  been  quoted.  When  beets  are  cooked  the  water 
becomes  highly  colored,  and  it  is  undoubtedly  true  that  a  considerable 
part  of  the  sugar  and  other  soluble  nutrients  which  they  contain  is 
extracted,  but  how  much  material  is  removed  can  not  be  stated  as  no 
cooking  experiments  with  beets  have  been  found  on  record. 

Three  digestion  experiments  were  made  several  years  ago  at  Wes- 
leyan  University  in  which  it  was  found  that  Y2  per  cent  of  the  protein, 
97  per  cent  of  the  carbohydrates,  and  90  per  cent  of  the  total  energy 
value  of  the  beets  were  utilized  by  the  body,  figures  which  compare 
very  favorably  with  those  obtained  with  potatoes  in  tests  made  with 
the  same  subjects. 

Beets  arc  frecjuently  canned  at  home  for  winter  use  and  the  com- 
mercial canned  article  is  a  ver}'  well-known  product.  As  regards 
composition,  the  canned  goods  have  practically  the  same  chemical 
composition  as  freshly  cooked  beets. 

CEIiERIAC. 

This  vegetable,  which  is  also  known  as  turnip-rooted  celery,  or  knot 
celery,  is  closely  rohited  to  our  ordinary  celery,  being  indeed  a  cul- 
tural variety  of  the  same  original  plant  grown  under  conditions  which 
have  developed  the  root  rather  than  the  stalk.  In  Europe  it  is  by  far 
the  most  counnon  form  of  celery,  but  has  never  been  extensively  cul- 
tivated in  the  United  Statics,  though  it  is  found  in  the  larger  markets. 
The  roots  are  white  and  more  or  less  globular  in  shape,  closely  resem- 
bling turnips  in  appearance.  As  the  figures  in  Table  4  show,  they 
have  nuich  the  same  composition  as  the  other  succulent  roots  and 
tubers.  Coleriac  has  a  pronounced  celery  flavor  due  apparently  to  a 
conipU'x  oil  like  that  in  the  seed,  which  is  rather  stronger  than  that 
of  the  tender  celery  stalks,  but  when  cooked  celeriac  does  not  differ 
very  greatly  in  taste  from  ordinary  stewed  celery. 

A  (lernian  investigator  has  reported  mannit,  a  starcli  like  carbohy- 
drate, and  also  small  amounts  of  aspai*agin,  a  constituent  of  asparagus, 
in  t  u  1)0  ro  us -rooted  celer}'.  So  far  as  can  be  learned  no  digestion 
experiments  have  l)een  made  with  this  vegetable,  but  it  would  doubt- 
less differ  little  in  digestibility  from  beets  or  other  succulent  roots. 
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It  is  often  said  that  celery  is  a  nerve  food,  but  there  seems  to  be  no 

warrant  for  such  a  statement,  and  the  belief  is  probably  a  survival  of 

the  time  when  specific  virtues  were  attributed  to  almost  all  plants  and 

vegetables. 

CABBOTS. 

Carrots  are  grown  in  many  varieties,  and  vary  greatly  in  color,  size, 
flavor,  and  other  characteristics,  those  most  commonly  raised  for  the 
table  being  of  medium  size,  deep  yellow  color,  tender,  and  of  delicate 
flavor.  Young  carrots  are  much  more  satisfactory  than  old  ones,  as 
when  fully  matured  they  tend  to  become  hard  and  woody,  especially  at 
the  core,  while  not  infrequently  the  flavor  of  old  carrots  is  disagree- 
ably strong.  Some  varieties  are  more  satisfactory  than  others  for 
winter  use,  but  the  winter  carrots  are,  generally  speaking,  more  used 
for  seasoning  soups  and  other  dishes  than  as  a  table  vegetable. 
Improved  methods  of  transportation,  storage,  etc.,  have,  moreover, 
made  the  small  tender  southern -grown  carrot  comparatively  common 
as  a  winter  vegetable. 

In  composition  carrots  do  not  differ  very  materially  from  other 
similar  roots,  carbohydrates  constituting  the  principal  nutritive 
material.  Sugar  is  an  important  constituent,  12  per  cent  or  more 
being  sometimes  present,  though  perhaps  5  or  6  per  cent  would  more 
nearly  represent  the  avcmge.  Small  amounts  of  pentosans  have 
also  been  reported.  The  proportion  of  sugar  in  the  carrot,  beet, 
and  other  vegetables  is  very  variable,  being  influenced  by  size, 
maturity,  method  of  storage,  and  other  factors.  Carrots  owe  their 
color  to  the  presence  of  a  yellow  organic  compound  known  as  **car- 
rotin,"  which  is  sometimes  extracted  with  the  juice  and  used  for 
coloring  butter. 

The  water  in  which  carrots  have  been  boiled  is  quite  yellow  and  has 
a  sweet  taste,  plainly  showing  that  some  of  the  nutrients  have  been 
removed  in  the  process  of  cooking.  In  order  to  determine  the  amount 
of  this  loss,  experiments  were  made  with  carrots  at  the  University  of 
Minnesota,  similar  to  those  made  with  potatoes  referred  to  on  page  14. 
The  carrots  were  cleaned  and  cut  into  pieces  of  various  sizes  and  then 
boiled  in  different  ways.  Whether  the  water  was  hot  or  cold  at  the 
start  made  less  difference  than  in  the  case  of  potatoes,  but  it  was  found 
that  the  more  water  used,  the  greater  were  the  losses.  On  the 
other  hand,  the  more  rapidly  the  carrots  were  boiled,  the  smaller  was 
the  loss.  Small  pieces,  doubtless  because  a  relatively  large  surface 
was  exposed  to  the  action  of  the  boiling  water,  lost  about  30  pe/cent 
of  their  total  nutrients,  20  per  cent  of  the  true  proteids,  and  26  per 
cent  of  sugar,  while  large  pieces  lost  only  20  per  cent,  6  and  16  per 
cent,  respectively.  Figure  4  represents  in  graphic  form  the  composi- 
tion of  the  carrot  and  the  loss  of  nutrients  when  boiled. 
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A  European  iiivesti^tor'*  found  that  when  carrots  were  steamed 
they  became  soft  a  little  more  quickly  than  when  cooked  in  hot  water 
and  lost  considerabl}*^  less  material,  as  the  water  over  which  they  were 
steamed  contained  only  0.69  per  cent  of  the  total  material  as  compared 
with  3.75  per  cent  in  the  case  of  the  water  in 
which  they  were  boiled.  The  material  extracted 
from  the  carrots  in  cooking  consisted  principally 
of  sugar  or  similar  carbohydrate. 

A  number  of  years  ago  a  German,  investigator 
studied  the  digestibility  of  carrots,  and  found  that 
about  60  per  cent  of  the  protein  and  80  per  cent 
of  the  carbohydrates  were  retained  in  the  body. 
His  results  were  too  meager  to  justify  general 
deductions,  and  it  seems  probable  that  the  vege- 
table would,  generally  speaking,  be  as  digestible 
as  beets  or  potatoes.  Carrots  are  commonly  con- 
sidered to  be  wholesome  and  a  valuable  addition 
to  the  diet,  both  as  a  seasoning  vegetable  and 
cooked  in  a  variety  of  ways. 

Dried  or  desiccated  carrots  are  on  the  market 
and  are  rccoumicnded  for  use  wherever  small  Bulk 
and  good  keeping  qualities  are  important  consid- 
erations. These  goods  resemble  the  fresh  carrots 
in  composition,  except  that  they  have  been  con- 
centrated by  the  evaporation  of  water. 

PARSNIPS. 

Parsnips  belong  to  the  same  botanical  order  as 
carrots  and  resemble  them  in  form  and  general 
habit  of  growth.  The  flesh  of  the  root,  however, 
is  paler,  being  white  or  light  cream  color,  and 
the  flavor  is  quite  distinct  and  very  pronounced. 
Parsnips  may  be  kept  in  the  ground  over  winter 
and  are  especially  welcome  additions  to  the  diet  in 
early  spring,  when  vegetables  which  have  been 
stored  are  losing  their  good  qualities.  For  some 
reason  boiled  parsnips  were  long  considered  in 
some  regions  of  Europe  to  be  the  proper  vege- 
table to  serve  with  salt  fish,  but  this  tradition  is 
not  followed  in  the  United  States,  and  they  are  cooked  and  served  in 
a  variety  of  ways,  as  are  the  other  vegetables  which  they  closely 
resemble. 

As  regards  composition,  parsnips  are  much  like  the  other  roots  and 


Fig.  "4.— The  composition  of 
the  carrot  and  the  loss  of 
nutrients  when  boiled: 

a,  fiber,  starch,  fat,  etc.; 

b,  sugar;  c,  nonproteid 
nitrogenous  matter;  cf, 
proteid  nitrogenous  mat- 
ter; e,  mineral  matter. 
The  hatched  portion  rep- 
resents the  loss  when 
medium -sized  pieces 
were  boiled. 


«Landw.  Jahrb.  Schweiz.,  19  (1905),  p.  619. 
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tubers,  but  contain  rather  higher  quantities  of  cellulose,  particularly 
in  the  core,  which  becomes  stringy  and  woody  when  the  roots  are  old. 
How  much  of  the  total  nutritive  material  is  lost  in  boiling  is  not  defi 
nitely  known,  but  it  is  commonly  thought  to  be  considerable.  The 
amount  is  doubtless  affected  by  the  same  conditions  as  were  noted  with 
carrots.  So  far  as  can  be  learned  no  digestion  experiments  have  been 
made  with  parsnips. 

SAIiSIFT. 

The  name  "salsify"  is  commonly  applied  to  three  distinct  vegeta- 
bles, namely  the  common  white  salsify  known  as  "oyster  plant"  or 
"vegetable  oyster"  {Tmgopogon porrifoUus)^  black  salsify  {Scorzonera 
hispajiica)^  the  schwarz  wurzel*  of  the  Germans,  and  the  so-called 
Spanish  salsify  {Scolymns  hlspanicm).  The  first  of  these  is  very  com- 
monly grown  in  the  United  States,  and  black  salsify  is  also  grown 
though  less  extensively,  while  Spanish  salsify  is  seldom  cultivated. 
Both  common  salsif}'  and  black  salsify  closely  resemble  the  other  suc- 
culent roots  used  as  food  in  general  character.  They  are  not  injured 
by  mild  frosts  and  may  remain  in  the  ground  until  late  winterer  early 
spring.  As  the  popular  name  of  salsify  implies,  the  flavor  suggests 
that  of  oysters. 

The  principal  carbohydrate  stored  in  black  salsify  is  inulin  rather 
than  starch,  and  so  this  vegetable  is  often  used  in  the  diet  of  diabetics. 
The  proi>ortion  of  materials  lost  in  cooking  and  the  digestibility  have 
not  been  made  the  subject  of  investigations  so  far  as  can  be  learned, 
but  there  is  every  reason  to  suppose  that  salsify  would  resemble  the 
other  succulent  roots  in  those  respects. 

RADISHES. 

The  radishes  most  commonly  grown  in  the  United  States  are  those 
with  red  exterior  and  white  flesh,  although  white  and  dark  purple 
varieties  are  also  well  known.  Though  formerly  red  radishes  were  a 
typical  spring  vegetable  they  are  now  so  commonly  grown  under  glass 
that  they  are  avjiila))le  all  winter  in  large  markets.  To  be  at  their 
best,  radishes  should  1)0  oaten  before  the  roots  are  fully  mature  and 
should  bo  very  fresh.  Besides  losing  their  crispness  they  become 
swootor  in  taste  if  they  are  kept  long  after  they  are  gathered,  owing 
to  the  action  of  a  ferment  or  enzym  normally  present  which  changes 
part  of  the  radish  starch  to  sugar.  Similar  enzyms  are  found  in  beets, 
carrots,  etc.,  but  in  these  vogota))les  their  action  is  less  marked. 

As  will  be  soon  from  the  figures  in  Table  4,  the  young  radishes 
analyzed  contained  even  more  water  than  the  turnips.  The  charac- 
teristic pungent  flavor  is  due  to  organic  compounds  similar  to  the 
essential  oil  of  mustard.  Kadishes  are  almost  always  eaten  raw,  and 
are  so  succulent  and  tender  that  they  are  doubtless  rather  thoroughly 
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assimilated,  though  so  far  as  can  be  learned  tbeir  digestibility  has  not 
been  studied.  It  is  frequently  said  that  they  are  productive  of  diges- 
tive disturbances.  Whether  this  is  attributable  to  the  crude  fiber 
which  they  contain  or  to  the  bodies  which  give  the  high  flavor  or  to 
both  together  it  is  not  possible  to  say,  but  such  digestive  disturbances 
are  by  no  means  general,  and  when  they  occur  may  be  due  to  the 
fact  that  succulent  foods  are  frequentl}'^  swallowed  without  sufficient 
mastication. 

TUBNIPS. 

A  great  variety  of  turnips  is  grown  throughout  temperate  climates, 
some  of  which  being  course  in  texture  are  used  as  food  for  farm  ani- 
mals while  other  varieties  are  raised  as  table  vegetables.  There  is 
considerable  variation  in  the  color,  flavor,  and  composition  of  the 
turnip,  the  yellow-fleshed  sorts  as  a  group  being  commonly  distin- 
guished from  the  white  by  the  name  "Swedes"  or  " ruta- bagas. "  In 
the  summer  the  early  white  varieties  are  usually  preferred  in  spite  of 
the  fact  that  thoy  are  more  water}^  while  in  winter  the  yellow  turnips 
arc  more  commonly  used.  Solid  as  the  turnip  roots  appear  they  con- 
tain on  an  average  a))out  89  pfer  cent  of  water  or  a  trifle  more  than  is 
found  in  whole  milk.  Onh^  about  20  per  cent  of  the  total  protein 
present  is  in  the  form  of  albumin.  Carbohydrates  are  the  principal 
nutritive  material,  glucose,  cane  sugar,  pectose  or  jelly-yielding  bodies, 
pentosans,  and  crude  fiber  being  the  characteristic  carbohydrates 
present.  The  flavor  of  turnips  is  due  to  compounds  of  sulphur,  which 
are  so  volatile  that  when  turnips  are  fed  to  cows  they  pass  through  the 
body  tissues  and  into  the  millc  and  give  it  an  unmistakable  flavor  of 
turnips.  In  cooking,  these  pungent  substances  are  broken  down  to 
some  extent  and  pass  off  into  the  air.  So  far  as  can  be  learned  no 
accurate  data  are  available  regarding  the  digestibility  of  turnips,  but 
they  arc  commonly  conceded  to  be  wholesome,  palatable,  and  useful 
additions  to  the  diet,  and  there  is  no  reason  to  suppose  that  they  are 
not  well  assimilated. 

KOHIi-RABI. 

Kohlrabi,  or  turnip  cabbage,  represents  a  curious  variety  of  the 
turnip  and  cabbage  families  in  which  the  reserve  material  of  the  plant 
is  stored  in  a  tuber- like  enlargement  of  the  stem  just  above  the  sur- 
face of  the  soil  rather  than  beneath.  Although,  strictly  speaking,  it 
does  not  belong  to  the  roots  and  tubers,  it  is  so  similar  to  them  that  it 
has  })een  included  in  this  discussion.  Kohl-rabi  is  considered  best  in 
the  early  summer,  when  it  is  still  young  and  tender,  but  it  is  com- 
monly found  on  the  market  until  late  fall.  In  flavor  it  is  more  deli- 
cate than  either  turnips  or  cabbage,  though  it  resembles  them  more 
nearly  in  this  respect  than  it  does  other  common  vegetables. 
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ONIONS,  GABLIC,  STC. 

The  various  members  of  the  onion  family  are  so  commonly  used 
for  flavoring  purposes  that  they  should  perhaps  be  included  with  the 
flavoring  vegetables.  Such  classifications  as  those  followed  in  this 
bulletin  arc,  however,  of  course,  purely  arbitrary,  and  in  the  case  of 
the  onion  fam^ily  some  varieties  are  so  largely  used  as  vegetables  that 
it  has  seemed  best  to  discuss  them  in  connection  with  the  roots,  tubers, 
etc.,  as  they  are  used  in  practically  the  same  way  in  the  diet.  AH  the 
members  of  the  onion  family  are  characterized  by  very  strong  flavor 
and  odor  due  to  the  presence  of  characteristic  oil-like  organic  com- 
pounds of  sulphur,  which  vary  somewhat  in  flavor  and  composition 
with  different  varieties  of  the  plant  and  are  usually  more  abundant  in 
the  bulbs  or  roots  than  in  the  leaves  or  other  parts.  They  are  very 
volatile  and  are  broken  down  by  heat  to  some  extent  and  consequently 
the  cooked  vegetable  has  a  much  milder  flavor  than  the  raw. 

The  common  onion  in  its  many  varieties  is  the  best  known  and  most 
used  in  the  United  States  of  the  onion  family.  The  total  crop  pro- 
duced is  very  large,  and  quantities  are  also  imported  from  southern 
Europe,  Bernmda,  and  the  West  Indies.  As  with  most  vegetables, 
the  young  and  somewhat  immature  onions  are  preferred  to  the  fully 
matured  bulbs,  though  the  latter  have  the  best  keeping  qualities. 
White  varieties  are  milder  in  flavor  than  the  red  or  yellow  sorts  and 
are  generally  preferred  as  table  vegetables.  If  they  are  to  be  kept 
through  the  winter,  onions  should  be  taken  from  the  ground  as  soon  as 
the  stalks  begin  to  wither  and  cured  or'dried  in  the  air  for  about  ten 
days.  If  the  moisture  is  not  thus  removed  before  they  are  stored 
they  will  not  keep  well. 

The  proportion  of  water  and  nutrients  in  onions  varies  greatly,  not 
only  with  the  variety  but  with  the  stage  of  growth  and  the  method 
of  storing  them.  Roughly  speaking,  the  chemical  composition  is  very 
similar  to  that  of  the  succulent  roots  also  included  in  Table  4.  They 
contain,  however,  rather  larger  quantities  of  cellulose,  particularly  in 
the  outer  layers,  which  arc  usually  removed  before  cooking.  The  waste 
in  preparing  onions  for  the  table  may  be  as  high  as  50  per  cent,  but 
20  or  30  per  cent  is  perhaps  a  fairer  average.  The  onions  are  succu- 
lent and  tender,  and  there  is  every  reason  to  suppose  that  they  are  as 
thoroughly  digested  as  other  similar  vegetables,  though  so  far  as  can 
be  l(»arned  this  question  has  not  been  made  the  subject  of  definite 
investigation.  They  are  commonl}^  conceded  to  be  wholesome  and 
have  been  prized  since  earliest  times  as  a  valuable  addition  to  the  diet. 
The  charactteristic  sulphur  bodies  which  they  contain  are  believed  to 
stinuilate  the  flow  of  digestive  juices,  and  these  and  other  constituents 
have  a  desirable  effect  in  overcoming  a  tendency  to  constipation.  As 
onions  contain  no  appreciable  amount  of  starch  and  little  sugar  they 
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are  usually  allowed  to  invalids  from  whose  diet  starchy  foods  are 
excluded. 

Garlic  is  a  member  of  the  onion  tribe,  which  forms  a  group  of  small 
bulbs  called  "cloves"  in  the  place  of  one  large  bulb,  as  with  the  more 
common  varieties  of  the  onion.  It  is  used  almost  exclusively  as  a  flav- 
oring plant,  though  some  of  the  mild  sorts  grown  in  the  Mediterranean 
region  are  eaten  as  a  vegetable.  In  this  country  it  is  little  eaten  save 
by  some  of  the  foreign  population,  and  this  is  perhaps  unfortunate,  as 
rightly  used  it  undoubtedly  adds  much  to  the  palatability  of  salads, 
meats,  and  other  dishes. 

Shallot,  cibol,  etc.,  are  varieties  of  the  onion  family  much  esteemed 
for  their  flavor  in  Europe  though  they  are  not  common  in  the  United 
States.  Leeks  and  chives,  two  other  sorts,  develop  almost  no  bulbs 
and  arc  grown  for  their  leaves,  leeks  being  used  as  a  green  vegetable 
or  pot  herb  and  chives  as  a  salad  plant  or  for  seasoning.  Although 
most  families  in  the  United  States  are  familiar  with  onions  only,  many 
good  cooks  consider  that  the  other  members  of  the  group  are  also 
indispensible  for  seasoning  purposes.  ' 

BOOTS  USED  AS  CONDIMEliTS. 

Several  roots  have  pronounced  aromatic  qualities  which  give  them  a 
value  (juite  independent  of  the  nutritive  material  which  they  contain. 
In  addition  to  increasing  the  flavor  of  food  it  seems  possible  that  such 
condiments  may  stinuilate  the  flow  of  digestive  juices  as  well  as  please 
the  palate.  Horse-radish  and  ginger  are  the  most  common  condi- 
niental  roots,  though  chicory,  which  is  commonly  considered  in  Europe 
a  palata})le  addition  to  coffee,  may  also  be  mentioned,  as  well  as  licorice 
root  and  calamus  or  sweet  flag. 

Horse-radish  is  a  moisture-loving  plant  of  the  mustard  family  which 
is  cultivated  throughout  north  temperate  countries  and  is  very  fre- 
quently found  wild  in  the  United  States,  as  it  long  ago  escaped  from 
cultivation.  The  root  is  long,  slender,  and  has  a  sharp,  peppery 
flavor,  owing  to  the  presence  of  an  essential  oil  which  much  resembles 
in  general  character  that  in  the  radish  and  other  members  of  the 
mustard  family.  As  regards  composition,  horse-radish  contains  on 
an  average  80.4  per  cent  water,  1.4  per  cent  protein,  0.2  per  cent  fat, 
10.5  per  cent  total  carbohydrates,  and  1.5  per  cent  ash,  and  has  a  fuel 
value  of  225  calories  per  pound.  The  root  contains  a  large  proportion 
of  water.  Starch  constitutes  the  principal  carbohydrate  present,  and, 
as  might  be  expected  from  the  stringy  character  of  the  roots,  the 
percentage  of  crude  fiber  is  rather  high.  Though  varieties  of  horse- 
radish are  sometimes  cooked  as  a  vegetable,  and  it  is  used  for  season- 
ing meat,  sauces,  etc.,  it  is  perhaps  most  commonly  used  in  this 
country  mixed  with  vinegar  as  a  condiment.     It  is  popularly  supposed 
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that  the  vinegar  scxfteDS  the  crude  fiber  to  ^me  extent  and  makes  it 
more  digestible. 

Ginger,  the  underground  root  stock  of  Zingiber  offiemale^  is  perhaps 
most  commonly  used  dry  as  a  spice,  though  the  fresh  root  or  green 
ginger  is  common  in  autumn,  being  used  in  pickle  making,  preserving, 
and  in  other  ways.  The  young  and  tender  ends  of  the  branching  root 
or  rhizome,  called  ginger  buds,  are  the  most  delicate  portion  as 
regards  both  texture  and  flavor.  Large  quantities  of  ginger  root  are 
preserved  in  rich  sugar  sirup,  the  round  stone  jars  of  ''Canton 
ginger''  being  an  old-fashioned  confection  which  is  still  much  prized. 
The  crystallized  or  candied  ginger  is  even  more  common  and  is  fre- 
quently served  as  a  sweetmeat,  and  is  also  used  in  making  deserts  of 
vai-ious  sorts.  While  the  nutritive  value  of  preserved  and  crystallized 
ginger  depends,  of  course,  quite  largely  on  the  added  sugar,  the  fresh 
root  contains  some  nutritive  material,  the  average  composition  being 
85.0  i)er  cent  water,  1.0  per  cent  protein,  0.6  per  cent  fat,  11.4  per 
cent  sugar,  starch,  etc.,  1.0  per  cent  crude  fil>er,  and  1.4  per  cent  ash, 
and  has  a  fuel  value  of  21:0  calories  per  pound.  Of  the  total  fat  or 
ether  (»xtract,  al)out  half  consists  of  the  ethereal  oil,  which  together 
with  a  pungent  nonvolatile  constituent  '^gingerol,'^  gives  to  ginger  its 
characteristic  flavor. 

STTlfMAEY. 

The  plants  which  store  their  reserve  material  in  undergroand  roots, 
tubers,  and  ])ulbs  have  in  many  instances  come  to  be  regarded  by  man 
as  among  the  most  important  foodstuffs.  Cultivation  has  to  a  great 
extent  moditied  the  size,  structure,  flavor,  and  appearance  of  the  plant 
parts  which  are  eaten,  and  the  garden  varieties  are  as  a  rule  superior 
to  the  wild  in  these  lespects  and  show  important  modifications  in  the 
season  of  growth  and  in  other  ways.  As  a  class  the  edible  roots, 
tubins,  and  bulbs  may  be  divided  into  the  following  groups:  (1)  Starch- 
yielding  vt^getablos,  as  }X)tatoes  and  sweet  potatoes;  (2)  succulent 
roots,  as  Inlets,  carrots,  and  parsnips;  and  (3)  condimental  or  flavoring 
root.^,  as  hors^e-radish  and  ginger.  Such  plants  as  garlic  and  onions 
nii<j:ht  bo  included  in  the  last  group,  but  are  here  considered  with 
the  succulent  roots  as  some  of  the  milder  flavored  varieties  are  eaten 
in  such  (luantities  that  thoy  may  be  fairly  considered  as  foods  rather 
than  .-.imply  as  flavoring  vegetables. 

As  a  class  the  edible  roots,  tubers,  and  bulbs  have  a  high-water 
content  and  ai*e  valued  as  additions  to  the  diet  for  their  appetizing, 
succulent  qualities  and  the  Imlk  which  they  give  as  well  aa  for  the 
nutritive  material  which  they  supply.  Starch  is  the  material  mo^t 
conimonlv  stored  in  these  underground  receptacles  of  nutritive  mate- 
rial, though  it  is  not  infre(|uently  replaced  in  some  plants  by  inoUn,  a 
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closely  related  body,  by  sugars  of  different  sorts,  pectoses,  and  other 
carbohydrates.  The  proportion  of  nitrogenous  material  in  such  food- 
stuffs is  smati,  and  true  albumin  seldom  constitutes  more  than  a  third 
of  the  total  protein.  The  proportion  of  fat  or  ether  extract  is  also 
small,  being  composed  in  some  cases  very  largely  of  wax-like  bodies 
found  in  the  skin,  or  of  coloring  matter;  and  in  other  cases,  of  volatile 
oils  and  similar  substances  which  give  the  plants  their  characteristic 
flavor  and  odor.  The  mineral  matter  or  ash  is  an  important  constitu- 
ent of  these  vegetable  foods,  the  proportion  though  small  being  about 
the  same  as  is  found  in  many  other  coranton  articles  of  the  diet. 
Sodium,  potassium,  and  iron  salts,  and  sulphur  and  phosphoi*us  com- 
pounds, etc. ,  are  the  common  ash  constituents.  As  the  mineral  mat- 
ters exist  in  combination  with  organic  acids  and  other  bodies  they 
contribute  materially  to  the  flavor  of  the  tubers,  roots^  etc. 

In  tropical  regions  3'ams,  cassava,  and  other  starch-bearing  roots 
seldom  seen  in  northern  markets  are  among  the  most  importont  vege- 
tables and  are  cooke<l  and  served  in  a  variety  of  wa3^s.  Starch  is  fre- 
quently made  from  these  roots,  and  they  are  also  used  in  the  production 
of  a  sort  of  meal  or  flour  eaten  in  large  quantities*  In  temperate  and 
northern  regions  the  potato  is  the  leading  starch-yielding  vegetable. 

The  potato  varies  considerably  in  composition  with  age,  variety,  and 
conditions  of  growth.  The  ripened  tubers  are  usuall}'  richer  in  starch 
and  have  better  keeping  qualities  than  the  immature  tubers,  but  the 
latter  contain  larger  proiX)rtions  of  mineral  matters,  acids,  etc.,  and 
are  conse(}uently  of  richer  flavor.  Cooking  breaks  down  the  cellulose 
walls  of  the  potiito  cells  which  inclose  the  starch  grains,  gelatinizes 
or  hydrates  the  starch  so  that  it  l)ecomes  softer  and  looser  in  struc- 
ture, and  improves  the  flavor  largely  by  volatilizing  acid  bodies  and 
similar  constituents  or  otherwise  modifying  their  character.  In  young 
tuhors,  which  usuall}^  contain  a  larger  proportion  of  protein  to  starch 
than  th(^  mature  ones,  the  heat  of  cooking  causes  the  protein  to  coagu- 
late or  hard(^n  around  the  starch,  producing  a  ''waxy-'  rather  than  a 
'"mealy"  mass.  When  potatoes  are  peeled  before  cooking,  some 
nutritive  material  is  usually  removed  with  the  inedible  skin,  the  total 
material  removed  (desi<rnated  refuse  in  food  analyses)  being  on  an 
average  "20  per  cent.  When  potatoes  are  cooked  some  water  is  usually 
lost  hy  e\  aiM:>ration,  and  the  loss  of  nutritive  material  may,  under  cer- 
tain rireunistances,  be  also  quite  considerable.  Thus,  when  potatoes 
were  p<»el(  <1  and  soaked  before  boiling  the  loss  of  food  material  has 
l)e(  ?i  found  to  be,  in  round  numbers,  as  much  as  7  per  cent  of  the  total 
dry  matter.  Much  smaller  quantities  are  lost  if  the  potatoes  are  not 
soaked,  and  when  they  are  baked  or  boiled  in  their  jackets  the  loss  of 
nutritive  material  is  insignificant.  During  storage  potatoes  lose  water 
by  evaporation,  and  this  loss  may  be  so  great  that  the  tubers  become 
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shriveled.  Some  of  the  starch  which  is  present  is  changed  to  sugar, 
especially  if  the  tubers  are  frozen  or  if  they  begin  to  sprout.  Minute 
quantities  of  a  poisonous  substance  of  very  pronounced  flavor,  solanin, 
are  found  in  potatoes,  and  to  this  constituent  they  very  largely  owe 
their  characteristic  flavor.  In  old  or  sprouted  potatoes  the  amount  of 
solanin  may  be  great  enough  to  cause  illness.  When  such  tubers  are 
used  for  the  table,  the  flesh  around  the  sprouts  should  always  be  care- 
fully cut  away,  as  this  is  more  likely  to  contain  solanin  than  any 
other  portion.  Under  ordinary  conditions  the  chance  of  any  injurious 
effects  from  solanin  in  potatoes  is  very  remote,  and  they  are  generally 
conceded  to  be  among  the  most  wholesome  and  useful  starch-j'ielding 
foods,  particularly  when  it  is  remembered  that  digestion  experiments 
have  shown  that  the  starch  and  other  nutritive  material  which  they 
supply  are  very  well  assimilated  b}^  the  body.  Although  they  contain 
too  small  a  proportion  of  the  tissue-building  proteid  in  proportion  to 
their  carbohydrates  to  provide  a  satisfactory  ration  if  used  alone,  they 
are  admirably  fitted  for  combination  with  milk,  meat,  eggs,  and  other 
proteid  foods  to  form  a  palatable  well-balanced  diet. 

Sweet  potatoes  are  common  starch-yielding  vegetables  throughout 
the  United  States,  and  the  proportion  eaten  in  the  Southern  States, 
where  the  bulk  of  the  crop  is  produced,  is  much  greater  than  in  other 
localities.  Much  of  the  reserve  carbohydrates  these  tubers  contain  is 
in  the  form  of  sugar.  In  the  South  varieties  so  rich  in  sugar  that  they 
become  sirupy  in  cooking  are  considered  superior,  but  in  the  northern 
markets  the  starchy  sweet  potatoes  are  pieferred.  Some  varieties  of 
sweet  potatoes  are  frequently  called  yams,  but  this  name  properl}' 
belongs  to  a  distinct  order  of  tropical  plants  which  yield  edible  tubers, 
some  of  them  of  very  large  size  and  others  closely  resembling  sweet 
potatoes  in  form  and  appearance,  though  they  lack  the  characteristic 
sweet  flavor. 

Beets,  carrots,  parsnips,  stilsifv,  turnips,  and  onions  are  the  most 
common  of  the  so-called  succulent  root  crops  used  as  food.  They 
differ  from  the  starch-yielding  vegetables  like  potatoes  mainly  in  con- 
taining a  larger  proportion  of  water,  85  to  90  per  cent  on  an  average, 
and  consequently  a  smaller  proportion  of  nutritive  material.  Fur- 
thermore, it  is  generally  true  that  starch  is  not  the  characteristic 
carbohydrate  of  these  vegetables,  its  place  being  taken  by  sugars 
of  different  sorts,  pectose  bodies,  and  other  similar  carbohydrates, 
while  the  percentage  of  crude  fiber  is  also  rather  higher  than  in  the 
edible  starch-yielding  roots  and  tubers.  Many  of  the  vegetables 
incihuled  in  this  group  are  characterized  by  marked  flavors  and  odors 
due  to  the  presence  of  volatile  organic  sulphur  compounds  in  their 
juices.  In  the  members  of  the  onion  tribe  these  are  especially  strong, 
and  some  varieties  are  used  almost  exclusively  as  flavoring  materials, 
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while  other  and  milder  sorts  are  also  used  in  large  quantities  as  table 
vegetables.  -' 

Though  not  very  nutritious  in  proportion  to  their  bulk,  root  crops 
as  a  class  offer  some  advantages  over  most  other  vegetable  foods. 
They  are  so  easily  grown  and  are  so  productive  that  under  ordinary 
conditions  they  sell  at  prices  within  the  reach  of  all.  Many  of  them 
may  be  kept  over  winter  in  such  good  condition  that  they  are  never 
out  of  season.  The  carbohydrates,  the  principal  nutritive  mateiral 
present,  are  in  forms  which  are  readily  and  well  assimilated..  The 
characteristic  flavor  which  some  of  these  vegetables  possess  is  a 
decided  advantage,  as  it  makes  the  vegetables  palatable  and  adds  to 
the  variety  of  the  diet.  Succulent  vegetables  of  .all  sorts  contribatd 
bulk  to  the  diet,  and  so  are  valuable  from  the  standpoint  of  hygiene, 
as  within  limits  bulkiness  is  a  favorable  condition  for  normal  diges*- 
tion  and  also  of  importance  in  overcoming  a  tendency  (o 'eonstipatipn* 
In  addition,  the  mineral  salts  which  they  contain  serve  an  important 
purpose  in  helping  to  maintain  the  alkalinity  of  the  blood- aad* have 
other  physiological  uses. 
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Edited  by  W.  H.  Beal  and  the  Staff  of  the  Experiment  Station  Record. 


Experiment  Station  Work  is  a  subseries  of  brief  popular  bulletins  compiled  fn)m 
ilie  published  r(,»ports  of  the  agricultural  experiment  stations  and  kindred  institutions 
in  this  and  other  countries.  The  chief  object  of  these  publications  is  to  disseminate 
throughout  the  country*  information  regarding  experiments  at  the  different  experiment 
stations,  and  thus  to  acquaint  farmers  in  a  general  way  with  the  progress  of  agricultural 
investigation  on  its  practical  side.  The  results  herein  reported  should  for  the  most 
})art  be  regarded  as  tentative  and  suggestive  rather  than  conclusive.  Further  experi- 
ments may  modify  them,  and  experience  alcme  can  show  how  far  they  will  be  useful 
in  actual  practice.  The  work  of  the  stations  must  not  be  depended  upon  to  produce 
"rules  for  farming."  How  to  apply  the  results  of  experiments  to  his  own  conditions 
will  ever  remain  the  problem  of  the  individual  farmer. — A.  C.  True,  Director,  Office 
of  Experiment  Stations. 
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EXPERIMENT  STATION  WORK/ 


WELLS  AND  A   PTJEE  WATER   BTJPPLY.* 

In  a  discussion  of  the  disposal  of  dairy  and  farm  sewage  in  such  a 
way  that  the  water  supply  may  not  be  injured,  O.  Erf,  of  the  Kansas 
Experiment  Station,  draws  some  general  deductions  regarding  the 
construction  and  care  of  wells  which  are  of  much  interest. 

It  must  be  borne  in  mind  that  the  well  on  a  dairy  farm  and,  indeed, 
on  any  farm  or  in  any  dooryard,  can  not  receive  too  much  care,  for 
it  supplies  the  water  for  household  use,  for  the  dairy  farm,  for  cheese 
factories,  and  for  other  purposes  which  are  related  to  food  supply. 
Well  water  is  most  commonly  contaminated  in  two  ways,  either  by 
surface  water,  wliich  nms  directly  into  the  well,  or  by  barnyard 
drainage,  household  slops,  and  cesspools. 

Sewage  disposal  may  be  so  managed  that  it  is  not  a  menace  to  the 
water  supply,  one  of  the  most  satisfactory  methods  employing  a 
septic  tank,  and,  as  the  Kansas  experiments  show,  this  need  not 
involve  any  great  trouble  or  expense. 

Discussing  well  construction,  the  Kansas  bulletin  states  that — 

Nearly  all  of  the  bacterial  life  exists  in  the  upper  strata  of  the  soil.  Soil  10  or  12 
foot  below  the  surface  of  the  earth  is  perfectly  sterile,  unless  it  has  within  it  a  crevice 
or  opening  so  that  surface  sewage  can  run  down.  Therefore  due  care  should  be  taken 
in  digging  and  constructing  a  well  so  that  direct  contamination  will  be  prevented. 

The  well  itself  must  be  so  constructed  that  the  impurities  can  not  get  into  it  from 
above?  or  from  the  sides.  Water  should  be  filtered  through  10  or  12  feet  of  fine  soil. 
To  prevent  the  surface  pollution  a  water-tight  wall  should  be  built  in  a  weU  down 
})olo\v  the  water  h^vol.  This  can  be  built  of  hard,  burned  brick  and  cemented  on  the 
outride.     Clay  should  be  pounded  around  this. 

Whore  drille<l  wells  are  used  the  lining  of  the  well  should  be  an  iron  tube  driven 
into  the  bore  and  the  outside  should  be  flushed  with  thin  cement.  The  weU  should 
1)0  properly  covered  and  the  surrounding  ground  should  be  considerably  higher  than 
the  general  level  of  the  soil.  The  walls  should  extend  at  least  3  feet  above  the  surface 
of  the  ground  and  a  ground  fill  made  so  that  it  will  slope  from  the  wall.  The  top  of 
the  fill  should  be  covered  with  at  least  12  inches  of  clay  or  loam,  upon  which  it  is 
advisable  to  have  some  sod  or  a  layer  of  sand  or,  best  of  all,  a  pavement  sloping  in  all 
directions. 

If  due  precautions  are  taken  in  the  disposal  of  sewage,  care  of 
waste  and  garbage,  and  in  the  proper  construction  of  wells,  there  is 

«A  progress  record  of  experimental  inquiries,  published  without  aflBomption  of 
responsibility  by  the  Department  for  the  correctnees  of  the  facts  and  concluMons 
repc^rted  by  the  stations. 

b  Compiled  from  Kansas  Sta.  Bui.  143. 
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little  danger  of  well  water  becoming  polluted.  An  abundant  supply 
of  pure  water*  is  a  great  step  toward  insuring  the  health  of  the 
household  dependent  upon  the  well,  and  increasing  the  wholesome- 
ness  and  healthfulness  of  the  butter,  milk,  cream,  and  other  products 
sold  from  the  farm.  / 

AVAILABILITT  OF  PHOSPHATES  IN   EELATIOH  TO   SOIL 

ACIDITY,'' 

In  an  article  on  this  subject  in  the  last  report  of  the  Wisconsin 
Experiment  Station  A.  R.  Whitson  and  C.  W.  Stoddart  call  attention 
to  the  fact  that  the  fertiUzer  tests  made  by  the  agricultural  experi- 
ment stations  throughout  the  country  have  agreed  in  showing  that 
soil  acidity  is  almost  always  accompanied  by  a  need  of  phosphatic 
fertilizer.  They  tested  the  fertilizer  requirements  of  a  large  number 
of  Wisconsin  soils  both  in  the  field  and  in  the  plant  house  and  the 
results  confirm  ^'the  conclusion  that  acid  soils  need  phosphates,  and 
it  will  be  possible,  by  a  careful  test  of  a  soil  with  Utmus  paper,  to 
tell  if  it  needs,  or  will  need  in  the  immediate  future,  a  phosphate 
fertilizer.     *     *     *^' 

The  litmus- paper  test  can  be  made  in  the  field,  if  the  soil  is  moist  enough,  by  insert- 
ing a  broiid  bladcd  Knife  into  the  ground  and  opening  a  slit  wide  enough  to  insert  a 
rathor  long,  narrow  strip  of  litmus  paper.  With  the  knife  blade  the  soil  is  pressed 
clos(»ly  against  the  litmus  paper  and  at  the  end  of  about  three  minutes  the  paper  b 
carefully  removed  from  the  soil.  If  the  paper  shows  red  spots,  the  soil  is  acid.  If 
the  soil  in  the  field  is  not  moist  enough  for  this  test  a  small  portion  of  it  may  be  placed 
in  a  ijorcelain  dish,  moistened  to  the  right  consistency  with  distilled  water  and 
worked  up  with  a  knife  blade.  By  pressing  a  piece  of  litmus  paper  between  two 
portions  of  the  soil  with  the  knife  blade  and  leaving  it  three  minutes,  acidity  or  non- 
acidity  will  be  shown  by  the  presence  or  absence  of  red  spots.  In  every  case,  whether 
in  the  field  or  in  the  laboratory,  care  should  be  taken  that  the  hands  touch  the  soil 
as  little  as  possible,  because  perspiration  will  turn  blue  litmus  paper  red,  and  lead 
to  erroneous  conclusions.  The  knife  blade,  the  distilled  water,  and  the  porcelain 
dish  should  be  tested  to  see  that  tli(?y  are  free  from  acid.     *    *    * 

The  reason  for  this  need  of  phosphates  in  acid  soils  may  possibly  be  found  in  the 
fact  that  acids  dissolve  phosphate  minerals,  and  soil  acids,  whether  due  to  decom- 
position of  organic  matter  in  the  case  of  peat  or  to  long  cultivation  in  the  case  of 
upland  soils,  will  undoubtedly  have  a  decided  solvent  action  on  phosphates  in  the 
soil,  particularly  on  the  calcium  phosphates.  WTien  once  in  solution  these  phos- 
phates are  readily  washed  out  by  heavy  rains.  There  is  undoubtedly  considerable 
phosphate  material  still  remaining  in  acid  soils,  but  it  is  at  least  unavailable  to  the 
plant ,  and  it  is  possil^le  that  it  may  be  a  phosphate  of  iron  or  aluminum,  such  as 
dufrenite  or  wavellite,  insoluble  in  weak  acids.     *    *    * 

Soils  not  acid  proba])ly  contain  considerable  calcium  and  magnesium  carbonates 
which,  going  into  solution  as  the  bicarbonates  in  water  charged  with  carbon  dioxid, 
serve  to  retain  the  phosphorus  in  the  iorm  of  tricalcium  phosphate,  relatively  insolu- 
ble in  the  soil  moisture  and  yet  soluble  enough  to  supply  the  needs  of  the  growing 
crop. 

f^Vnr  an  earlier  paper  on  pure  water  see  IT.  S.  Dept.  Agr.,  Farmers'  Bui.  73,  p.  3. 
^  Compiled  from  Wisconsin  Sta.  Rpt.  1906,  p.  171. 
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PXTEE   SEED   VEBSTTS  POOE   8EED.<> 

The  Kansas  Station  recently  published  a  special  circular  compar- 
ing the  cost  of  obtaining  a  full  stand  of  alfalfa  when  pure  and  poor 
seed  are  used.  Attention  is  called  to  the  fact  that  in  1905  Kansas 
had  an  area  of  1,018,206  acres  devoted  to  cultivated  forage  crops,  of 
which  602,560  acres  was  in  alfalfa.  The  cost  of  seeding  this  alfalfa 
acreage  at  the  rate  of  15  pounds  per  acre  with  seed  at  16  cents  per 
pound,  every  single  seed  being  good,  would  amount  to  $1,446,128, 
but  taking  as  a  basis  from  among  the  number  of  alfalfa  seed  sam- 
ples analyzed  by  the  station  28  showing  an  average  of  total  impuri- 
ties of  46.1  per  cent  and  an  average  number  of  seed  true  to  name 
but  incapable  of  germinating  of  34.5  per  cent,  it  would  have  cost 
$1,935,042  to  secure  a  full  stand  on  the  same  area. 

Letters  from  all  portions  of  the  State  indicate  that  poor  alfalfa 
seed  is  quite  common.  The  principal  impurities  are  dead  and  defec- 
tive alfalfa  seed  itself,  trefoil,  English  plantain  or  buckhorn,  dodder, 
Russian  thistle,  crab  grass,  foxtail,  and  other  weed  seeds,  and  the 
adulterants  often  found  are  trefoil,  bur  clover,  and  sweet  clover. 
It  is  pointed  out  that  with  good  standard  alfalfa  seed,  averaging 
83  per  cent  of  the  seed  true  to  name  and  capable  of  germinating, 
the  cost  of  seeding  an  acre  would  be  $2.40.  This  represents  the 
actual  cost  of  the  83  per  cent  of  good  seed,  the  17  per  cent  being 
waste,  and  the  real  cost  per  bushel  of  viable  seed  is  therefore  about 
$12  instead  of  $10,  at  which  the  seed  and  the  waste  together  was 
originally  bought.  In  a  certain  sample  of  seed  analyzed  by  the  sta- 
tion only  20.2  per  cent  of  the  seeds  were  true  to  name  and  capable 
of  germinating.  A  computation  based  on  the  cost  of  the  standard 
seecl  shows  that  in  order  to  obtain  from  the  use  of  this  poor  seed  as 
much  of  a  stand  as  could  have  been  secured  with  15  pounds  of  the 
standard  seed  73.9  pounds  of  this  seed  would  have  been  necessary, 
and  the  actual  cost  of  seeding  an  acre  would  have  been  brought  up 
to  $11.92,  and  the  actual  cost  of  the  seed  exclusive  of  the  79.8  per 
cent  of  waste  to  $49.26  per  bushel.  In  addition  to  this  prohibitive 
cost,  the  use  of  seed  like  this  sample  would  have  deposited  on  each 
acre  over  4,000,000  weed  seeds  of  various  species,  or  105  on  each 
square  foot.  The  use  of  seed  represented  by  another  sample  studied 
would  have  raised  the  cost  to  $5.75  per  acre,  and  would  have  sown 
this  area  with  approximately  167,000  weeds  of  various  sorts,  includ- 
ing 95,000  plantain  seed,  19,000  dodder  seed,  and  26,000  foxtail  seed. 
Bad  see^  gives  a  weak,  poor  stand  of  alfalfa  and  a  dense  growth  of 
weeds  and  wild  grasses.  In  the  28  samples  referred  to  above  the 
impurities  ranged  from  21.6  to  100  per  cent,  the  trash  or  dirt  from 

"Compiled  from  Kansas  Sta.  Spec.  Circ,  January  30,  1907. 
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0.3  to  31.9  per  cent,  and  the  number  of  kinds  of  foreign  seed  present 
from  3  to  34. 

These  investigations  wth  reference  to  bluegrass  seed  within  the 
State  show  that  Kentucky  bUiegrass  seed  is  extensively  adulterated 
with  Canadian  bluegrass  seed,  from  which  it  is  not  distinguishable 
by  the  ordinary  observer,  especially  when  mixed  with  it.  English 
bluegrass  is  ver}'  commonly  adulterated  with  cheat,  the  seeds  of  the 
two  plants  resembling  each  other  sufficiently  to  make  adulteration 
easily  possible.  The  quality  of  English  bluegrass  seed  is  frequently 
very  poor,  the  germination  in  many  cases  not  being  above  40  per 
cent.  A  certain  lot  of  tliis  seed  bought  and  sold  in  the  fall  of  1905 
contained  less  than  50  per  cent  of  germinable  seeds,  and  the  percent- 
age of  weed  seeds  was  so  high  that  on  each  acre  there  were  sown 
with  the  English  bluegrass  seed  142,230  seeds  of  crab  grass,  111,000 
seeds  of  dock,  393,670  smartweed  seeds,  62,340  cheat  seeds,  together 
with  111,000  miscellaneous  seeds,  making  a  grand  total  of  820,240 
weed  seeds  of  all  kinds.  The  crop  harvested  contained  only  about 
15  per  cent  of  English  bluegrass  seed,  while  79  per  cent  was  cheat 
and  the  rest  seeds  of  such  weeds  as  bindweed,  dock,  foxtail,  and 
pigweed. 

The  brome  grass  seed  marketed  in  the  State  is  also  'Adulterated 
with  cheat,  and  much  of  it  has  a  percentage  of  germination  of  only 
about  40.  A  comparison  of  the  different  grades  of  seed  as  estimated 
and  determined  by  tlie  station  is  given  in  the  following  table: 

r/t«  cost  per  acre  of  siamlard  and  poor  seeds  compared. 


SaniplftH. 


'     nr.r.A  Seed 


Alfalfa  201 

Alfalfa  20 

Alfalfa  215 

Alfalfa  227 

Alfalfa  2fi7 

Alfalfa  standard 

English  bluogmss  284 

English  bluegrass  375 

English  bluegrass  standard. 

Brome  grass  107 

Brome  grass  229 

Brome  grass  standard 


I  Per  cent. 

52.0 
I  73.6 

I  GO.  3 

I  42.0 

;  20. 3 

I  83.3 

49.3 
!  43.  i 

80.7 
I  49.5 

32.4 
'  g7.5 


Pounds. 
28.7 
20.3 
22.6 
35.7 
73.9 
15.0 
105.4 
120.0 
50.0  ' 
50.0 
77.0 
25.0 


Cost  of 
seeding 
an  acre. 


$4.63 
3.07 
3.63 
5.75 

11.92 
2.42 
1.05 

12.00 
5.00 
3.85 
8.25 
2.68 


Oermina- 
ble  seed, 
cost  per 
bushel. 


$19. 21 
13.58 
15.00 
23.80 
49.26 
12.00 
4.05 
4.80 
2.47 
3.00 
4.65 
2.38 


Weed  seeds 
per  acre. 


93,910 
238,760 
313,730 
167,470 
4,241,950 


820,240 
36,000 


157.000 
207,900 


Weeds 

per 

square 

foot. 


2 
5 
7 
3 
105 


It  is  l)elieve(l  that  seed  market  conditions  will  not  be  improved 
without  legislation,  and  it  is  pointed  out  that  a  law  excluding  from 
sale  any  seed  with  a  percentage  of  germination  below  76  would  make 
a  saving  of  at  least  10  per  cent  each  year,  or  of  a  total  amount  of 
nearly  S22,()00  on  forage  crops  alone.  A  seed  law  proposed  for  the 
State  requires  a  guaranty  of  85  per  cent  of  germination  and  imposes 
a  tax  of  one-fifth  of  a  cent  on  all  seed  packets  less  than  1  pound  and 
of  one-fifth  of  a  cent  per  poum)  for  all  seed  in  bulk,  and  it  is  estimated 
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that  the  operation  of  this  law  would  save  the  State  of  Kansas  14  per 
cent  net  annually  in  cost  of  alfalfa  seed  and  25  per  cent  net  in  all 
other  forage  crops  over  and  above  the  tax. 

SELECTION  FOE  DISEASE-EESISTAITT  GLOVEE.» 

For  a  number  of  years  the  culture  of  red  clover  in  Tennessee  has 
been  uncertain  on  account  of  a  fungus  disease  which  attacks  the 
crop.  In  some  parts  of  the  State  this  disease  has  become  so  severe 
that  clover  growing  has  been  practically  abandoned.  The  disease 
has  also  appeared  in  Virginia,  West  Virginia,  Kentucky,  and  Arkan- 
sas, and  is  found  to  occur  on  alfalfa  as  well  as  on  red  clover. 

In  1905  Professors  Bain  and  Essary,  of  the  Tennessee  Station,  began 
to  investigate  this  problem  and  found  the  trouble  to  be  due  to  an 
undescribed  fungus  disease,  a  fonn  of  anthracnose.  The  fungus 
causing  the  disease  belongs  to  the  genus  CoUetotrichum,  and  was 
named  CoUetotrichuni  trifolii.  The  trouble  occurs  in  new  as  well  as  in 
old  fields  of  clover,  but  is  usually  the  more  severe  where  clover  has 
l)een  grown  for  some  time.  In  many  instances  this  disease  almost 
enlirely  kills  out  a  good  stand  in  one  season.  As  spraying  methods, 
(lisiiifoclion  of  seed,  and  methods  of  cultivation  promised  little  toward 
linding  a  reii  edy,  all  efforts  were  concentrated  on  the  production  of  a 
disoaso-resistant  strain  of  clover  by  selection,  and  the  results  of  the 
first  year's  work,  which  seemed  very  encouraging,  are  presented  in  a 
recent  l)ulletin  of  the  station. 

During  August  and  September  of  1905,  at  which  time  most  of  the 
disease-infected  clover  had  died,  over  200  isolated  healthy  plants, 
having  withstood  the  attack  of  the  disease  on  badly  infected  fields, 
were  selected  and  the  seed  of  each  individual  plant  kept  separate. 
The  seed  was  planted  in  rows  18  inches  apart,  and  the  select  rows 
were  alternated  with  ordinary  commercial  clover  seed.  On  the  land 
used  for  the  purpose  the  disease  had  totally  destroyed  the  clover  crop  in 
1905,  and  in  order  that  it  might  again  prevail  in  1906  the  ground  was 
only  thoroughly  disked,  as  it  was  thought  that  plowing  would  cover 
the  germs  too  deeply.  After  the  clover  had  been  up  five  weeks  a 
load  of  dead  clover  raked  up  from  a  field  destroyed  by  the  fungus  was 
scattered  over  the  plat,  putting  practically  every  plant  in  direct  con- 
tact with  this  infected  material.  On  July  15  the  dead  and  diseased 
plants  from  the  nonselect  rows  were  scattered  over  the  selections  as 
a  further  source  of  infection.  Insect  ravages  reduced  the  number  of 
plants  to  a  considerable  extent,  but  enough  were  saved  to  continue 
the  experiment.  Careful  cultivation  induced  vigorous  growth  until' 
ffuiie  1 ,  when  the  plants  from  the  commercial  seed  showed  signs  of  the 
disease.  By  June  20  the  unselected  rows  were  blackened  and  dying, 
while  the  select  rows  alternating  with  them  were  almost  perfectly 

o  Compiled  from  Tennessee  Sta.  Bui.  75. 
32<);«— No.  290—07 2 
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healthy  and  normal.     The  entire  plat  had  been  mowed  off  between  July 
9  and  September  14,  in  order  to  simulate  actual  cultural  conditions. 

It  was  estimated  that  of  the  select  plants  95  per  cent  lived  up  to 
the  end  of  this  period,  while  of  the  nonselect  plants  not  more  than  5 
per  cent  survived,  ^^^lile  the  selections  nearly  all  made  a  fair  aver- 
i^e  growth,  many  showed  lesions  of  the  disease  by  September  14, 
but  a  good  crop  of  stems,  leaves,  and  se^d  was  obtained,  and  a  satis- 
factory number  of  plants  were  exceptionally  vigorous  and  without  a 
trace  of  the  anthracnose.  A  number  of  plants  of  both  select  and 
nonselect  parentage  died  during  the  winter,  but  on  the  whole  the 
selections  were  decidedly  the  more  healthy  in  appearance.  Basing 
the  estimate  on  the  percentage  of  surviving  plants  of  each  group  to 
the  approximate  number  of  that  group  which  germinated,  the  odds 
in  favor  of  the  selections  appeared  as  50  to  1 . 

The  authors  have  found  this  disease  on  alsike  clover  in  only  one  case, 
a  seedling  growing  in  the  greenhouse.  To  study  the  life  history  of  the 
fungus  a  number  of  flowerpots  were  seeded  July  12  with  red  clover, 
alsike  clover,  and  alfalfa.  On  July  22  these  plants,  after  having 
made  a  vigorous  growth  for  some  days,  became  accidentally  infected. 
The  red  clover  and  alfalfa  seedlings  succumbed  rapidly  to  the  disease, 
but  the  alsike  clover  seedlings  proved  immune.  A  few  surviving 
plants  of  red  clover  and  alfalfa  were  probably  resistant  to  the  disease. 

Tho  most  important  result  of  the  above-described  experiments  is  the  striking  indi- 
cation of  diseiifc  resistance  shown  by  select  individual  red  clover  plants.  Since  every 
opportunity  existed  for  the  infection  of  the  plants  from  select  seed,  and  they  were  sub- 
jected to  the  most  rigid  test  for  susceptibility  to  disease,  there  is  very  strong  indica- 
tion, at  least,  that  success  will  attend  the  effort  being  made  to  produce  an  anthrac- 
nose-resistant  clover.  The  evidence  may  be  briefly  stated  thus:  Certain  clover 
plants  growing  in  1905,  surrounded  by  great  numbers  of  other  plants  killed  by  anthrac- 
nose, produced  offspring  which,  in  turn,  also  resisted  the  disease  alongside  non- 
select  plants  which  were  killed  by  the  disease.  Of  course  it  remains  to  be  seen 
whether  the  next  and  subsequent  generations  will  likewise  resist  the  disease. 

EEADICATION  OF  WILD  MUSTAED « 

Wil(^  TMiP+a-H  is  a  well  known  and  very  widely  distributed  weed 
^^t  ftT>^,    -,-.    '  lich  it  is  ^-»rv  difP^'i^^  ^^  eradicate  when  once  intro- 

'''^'^^        ^  if^-.-    ^T>^  -      .       a'  the  Wisconsin  Experiment 

'-  •'  .^'  -  -    ^-      A«sfid  recently  in  destroying 

u    .  -      .    .  ..     .  ^    - ,...         »liition  of  iron  sulphate. 

,^ujick  jc.jk  of  iron  sulphate  into  an 

^  --    -  -                     -            -Jn  are  gauged  for  approximately  that 

i-.o  .-^.»        .    -  vnto  solution.    Iron  sulphate  is  in  a 

^.o  ^'1^^  '          -^               .or  bu^a     *i-a  goes  into  solution  readily.     When 

•^  'tea  the  sulphate  is  dissolved.    Made  in  the  propor- 

I '          -'♦'ire  was  practically  a  20  per  cent  solution,  the 


vi«roTiRin  Sta.  lipt.  1906,  p.  259. 
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proper  strength,  although  some  German  experimenters  have  had  good  results  by 
using  a  15  per  cent  solution. 

The  solution  was  sprayed  on  an  oat  field  badly  infested  with  the 
weed  when  the  plants  were  in  the  third  or  fourth  leaf.  The 'results 
show  that  in  all  cases  practically  all  of  the  weeds  were  destroyed. 

The  spraying  should  be  done  on  a  calm,  bright  day,  after  the  dew  has  disappeared, 
as  the  work  is  more  effective  if  the  solution  is  put  on  in  the  wisirm  sunlight.  When  rain 
follows  the  spraying  within  a  few  hours  the  extermination  of  the  mustard  will  not  be 
complete. 

The  grain  fields  should  be  sprayed  when  the  mustard  plants  are  in  the  third  leaf, 
or  before  the  plants  are  in  blossom,  in  order  to  have  the  spray  do  the  most  effective 
work.  The  day  following  the  spraying' the  tips  of  the  blades  of  grain  may  be  some- 
what blackened,  but  no  detrimental  effects  can  be  noticed,  either  to  the  crop  or  grasses 
seeded  with  it,  two  weeks  after  spraying. 

Daisies,  cookle))ur,  bindweed,  ragweed,  chicory,  sheep  Sorrel,  yellow  dock,  wild 
lettuce,  and  many  other  weeds  were  partially  or  wholly  eradicated  from  the  fields 
where  tests  were  made  for  the  extermination  of  mustard. 

Iron  sulphate  can  be  purchased  for  about  $11  per  ton  in  small  quantities  and  in  bulk 
for  considerably  loss.  One  hundred  pounds  of  iron  sulphate  will  make  sufficient 
solution  of  the  proper  strength  to  spray  approximately  1  acre.  From  20  to  25  acres  of 
land  can  be  covered  in  a  day  where  the  sprayer  is  kept  in  continual  use. 

The  iron  sulphate  solution  is  not  poisonous  and  can  be  readily  handled  without 
injury.     \Miite  clothing  coming  in  contact  with  it  will  be  discolored,  but  not  burned. 

STEEILIZATION  OF  SOILS  FOE  THE   PEEVENTION  OF   DISEASES 

OF  PLANTS." 

Growers  of  lettuce,  cucumbers,  tomatoes,  carnations,  violets,  and 
other  plants  under  glass  and  of  plants  in  seed  beds  often  find  the 
])lants  suddenly  dying  while  their  foliage  seems  to  be  fresh  and  vig- 
orous. This  is  especially  true  of  plants  in  their  seedling  stage,  and 
a  careful  examination  will  show  that  they  are  affected  at  or  below 
the  surface  of  the  soil.  The  causes  of  the  trouble  are  certain  soil 
fimgi  and  minute  worms,  called  eelworms  or  nematodes.  Where  it 
is  possible  to  renew  the  soil  in  the  beds  every  season  comparatively 
little  loss  will  be  met  with,  provided  the  soil  is  not  infested  when  put 
in  the  beds.  When  the  same  soil  is  used  season  after  season  it  is 
likely  to  become  so  filled  with  fungi  and  nematodes  that  the  produc- 
tion of  heahhy,  stocky  plants  will  be  impossible.  The  fungi,  which 
are  usually  sterile,  are  present  as  minute  threads  or  mycelia  and  the 
nematodes  as  active  worms  or  as  eggs  and  encysted  or  dormant 
forms.  The  fungi  enter  the  plant  through  the  roots  and  cause 
various  forms  of  drop,  wilt,  and  rot,  while  the  nematodes  cause 
galls  on  the  roots  and  thus  interfere  with  their  function  as  absorbers 
and  conveyors  of  water  and  mineral  matter  to  the  plant. 

«  Compiled  from  Connecticut  State  Sta.  Rpt.  1897,  p.  310;  Maasachusetts  Sta.  Bui. 
55;  Rpts.  1898,  p.  149;  1899,  p.  59;  1901,  p.  74;  1902,  p.  38;  1904,  p.  10;  Ohio  Sta. 
Bui.  73,  Circs.  57  and  59.  For  previous  articles  on  this  subject  see  U.  S.  Dept.  Agr., 
Farmers'  Buls.  186,  p.  8,  and  259,  p.  9. 
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Drying  and  freezing  have  comparatively  little  effect  upon  these 
parasites  and  spraying  the  foliage  with  fungicides  will  be  of  no  value, 
since  it  does  not  reach  the  seat  of  the  trouble.  Fortunately  it  is 
possible  to  almost  wholly  prevent  the  injury  due  to  these  parasites 
by  the  sterilization  of  the  soil,  either  by  heat  or  by  chemical  treat- 
ment. The  old  practice  of  burning  brush  and  other  material  over 
the  site  of  the  tobacco  seed  beds  imconsciously  secured  sterilization, 
although  by  many  the  benefit  was  attributed  to  the  presence  of  the 
ashes.  Heating  the  soil  in  any  way,  provided  it  is  thoroughly  done, 
will  destroy  fimgi  and  nematodes.  Dry  heating  and  burning  are  not 
always  convenient  or  advisable,  but  sterilization  by  the  application 
of  steam  is  entirely  practicable.  This  can  be  done  in  boxes  espe- 
cially designed  for  the  purpose  or  may  be  effected  by  leading  perfo- 
rated steam  pipes  through  the  beds. 

The  box  method  is  fully  described  by  G.  E.  Stone,  of  the  Massa- 
chusetts Station,  and  W.  E.  Britton,  of  the  Connecticut  State  Station, 
and  consists  essentially  of  tight  zinc-lined  boxes  into  which  steam 
can  be  admitted  under  pressure,  and  the  soil  is  held  in  shallow  trays 
with  galvanized-iron  netting  bottoms.  Space  is  allowed  between 
and  around  the  trays,  and  an  exposiu-e  of  one  hoxu*  to  steam  will 
destroy  all  nematodes  and  most  fimgi  and  their  spores  as  well  as 
any  weed  seed  that  may  be  in  the  soil.  After  exposure  to  the  steam 
the  soil  can  be  spread  in  the  beds  and  seeded  as  soon  as  convenient. 

Doctor  Stone  and  others  have  shown  that  as  a  rule  seed  germinates 
more  quickly  and  plants  develop  better  in  sterilized  than  in  imsteril- 
ized  soil.  The  reason  for  this  was  studied  by  Schulze*,  a  German  inves- 
tigator, who  found  that  while  during  sterilization  there  were  formed 
some  decomposition  products  which  are  injurious  to  a  certain  extent 
for  a  time,  these  disappear  after  the  lapse  of  a  few  days  or  are  cor- 
rected by  the  addition  of  a  small  quantity  of  lime,  and  there  was 
always  an  increase  in  the  amoimt  of  available  nitrogen  present  in 
iterili'^^^  '^i'  ^^e  to  the  action  of  heat  on  the  soil  compoimds,  so 
:hat  v'.ii*  1  rrowth  in  sterilized  soil  may  be  retarded  for  a  short 
imo  ti      -    '    'TTiQtoiy  i^ecome  p^'^^'^  ^ip^o^'ous  and  the  total  growth 

^            ^^T\rhi^^  t     .      v.^  subirrigation  the  steam 

•  »■  -1  -       jtorilization  will  be  nominal. 

'^  —                ..  ^qr.      .^P'^^  "^i^^ough  perforated  iron 

•       -  -                -iiiiittted  at  about  $8  per 

*      •  apparatus  the  cost  could  be 


T      *l 


Ke  •   ^^(^n  foimd  that  certain  chem- 
■    di;^rilizing  it.     A.  D.  Selby,  of 

lon«)-  No.  1-2,  pp.  137-147. 
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the  Ohio  Station,  has  found  that  formalin  or  formaldehyde  applied 
to  the  soil  in  a  strength  of  2  pints  of  formalin  to  50  gallons  of 
water  is  quite  efficient  for  the  destruction  of  fimgi  and  active  nema- 
todes, although  it  does  not  destroy  the  nematode  eggs  or  encysted 
forms.  For  these  steaming  is  best.  To  treat  soil  with  formalin  it 
should  be  prepared  as  for  seeding,  and  after  being  well  raked  and  in  a 
friable  condition  it  is  drenched  with  the  solution  as  given  above  at 
the  rate  of  about  1  gallon  per  square  foot  of  surface.  A  bed  50  feet 
long  by  6  feet  wide  would  require  about  300  gallons  of  the  mixture 
containing  from  12  to  15  pints  of  formalin.  This  would  cost  from 
$1.80  to  S2.25  in  carboy  lots.  If  applied  to  seed  beds  in  the  fall 
before  freezing  weather  sets  in  this  treatment  will  keep  do¥m  all 
forms  of  rot,  dani])ing  off,  and  similar  plant  diseases. 

PEODUGTION  OF  SEEDLESS  TOMATOES.^" 

Tlie  production  of  any  vegetable  novelty  always  arouses  interest 
amontr  seed  growers  and  gardeners.  More  or  less  of  this  work  has  been 
(lone  by  the  experiment  stations.  For  a  number  of  years  breeding 
ex]>eriments  with  v(»getables  have  been  carried  on  by  Professor  Halsted 
and  his  associates  at  the  New  Jersey  stations.  Among  the  distinct  and 
valuable  productions  secured  in  this  work  is  a  nearly  seedless  tomato. 
As  is  well  known,  each  fruit  of  the  ordinary  tomato  contains  hun- 
dreds of  seeds,  while  the  form  which  Professor  Halsted  has  developed 
seldom  contains  more  than  fifty  seeds  and  frequently  there  are  not 
more  than  five  or  six  and  often  none. 

This  variety  has  become  pretty  well  established  now  and  has  been 
called  the  Giant  because  of  the  very  large  size  that  the  plant  attains. 
It  originated  five  or  six  years  ago  as  a  result  of  a  cross  of  Golden 
Sunrise  upon  Dwarf  Champion. 

The  PtMHllings  frociuonlly  bear  three  cotyledons,  and  the  plants  are  very  slow,  grow- 
ing long  stemmiKl,  with  the  foliage  open,  due  to  the  long  intemodes,  and  leaves  with 
the  divisions  widely  separated,  which  are  crinkled,  and  the  terminal  leaflet  blunt 
pf)inted.  The  flower  clusters  art;  small,  flowers  cup  shaped,  light  lemon  yellow,  and 
the  fruits  few,  medium  small,  light  yellow,  and  nearly  seedless.  The  flesh  is  particu- 
larly fine  flavored.  The  plants,  3  feet  apart,  each  way,  covered  the  ground  devoted 
to  the  block,  and  flowered  up  to  the  killing  frosts  near  November  1. 

The  type  appears  to  be  well  fixed.  Attempts  to  cross  other  sorts 
upon  it  have  uniformly  failed. 

ScH^dless  fruits  have  also  been  produced  by  Professor  Halsted  on 
several  varieties  and  crosses  of  tomatoes,  due  probably  primarily  to 
nonpollinaticm  with  other  conditions  favorable  to  the  stimulation  of 
fruit  production.  These  crosses  were  quite  uniformly  dwarfed  in  si2se, 
many  in  a  cluster  being  not  larger  than  peas,  but  solid  fleshed,  and 

aC'ompilcHl  from  New  Jersey  Stas.  Rpts.  1901,  p.  442;  1903,  p.  492;  1904,  p.  491; 
1905,  p.  4G8;  Wisconsin  Sta.  Rpt.,  1905,  p.  300. 
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often  of  good  quality.  In  one  instance  the  fruit  had  the  flavor  of 
the  strawberry.  Cnrrant  crossed  upon  Stone  produced  such  fruit, 
likewise  Crimson  Cushion  upon  Sumatra.  When  Crimson  Cushion 
was  crossed  upon  Giant  and  Magnus  many  seedless  fruits  were  pro- 
duced, some  of  which  were  large  enough  for  table  use.  Cuttings  taken 
from  plants  which  produced  numerous  seedless  fruits  of  this  sort 
when  planted  out  in  the  garden  gave  only  normal  fruits. 

E.  P.  Sandsten,  working  at  the  Wisconsin  Station,  produced  seedless 
tomatoes  by  an  entirely  different  method,  i.  e.,  the  use  of  excessive 
amounts  of  fertilizers.  He  worked  in  the  greenhouse  with  a  good 
potting  soil,  using  commercial  fertilizers  at  the  rate  of  800  poimds  of 
nitrate  of  soda,  600  pounds  of  sulphate  of  potash,  and  1,000  pounds 
of  desiccated  bone  per  acre.  Many  abnormalities  in  the  growth  of 
the  plants  and  fruit  were  observed.  ''In  almost  all  cases  there 
was  a  tendency  of  the  plants  to  produce  fruits  containing  a  much 
smaller  number  of  seeds  than  is  generally  found  in  the  ordinary 
fruit.''  In  one  instance  the  plant  was  dwarfed  and  the  fruit  not 
larger  than  a  walnut,  but  firm  fleshed  and  entirely  seedless.  Another 
plant  produced  a  large  solid  fruit  that  was  seedless.  Cuttings  taken 
from  these  plants  and  set  outdoors  remained  true  to  type,  but  pro- 
duced more  and  larger  fruit  than  in  the  greenhouse. 

We  thus  have  at  least  two  ways  of  securing  seedlessness  in  tomar- 
toes — by  crossing  and  selection  and  by^  high  feeding  with  fertilizers. 
The  work  with  seedless  tomatoes  at  both  these  stations  is  being  con- 
tinued and  promises  to  result  in  the  establishment  of  varieties  with 
far  less  seeds  in  than  the  sorts  commonly  grown.  It  brings  out  strik- 
ingly the  variations  that  may  occur  in  plants  as  a  result  of  cross- 
ing and  high  feeding  with  fertilizers. 

PIGKLIKG  OLIVES  AND  MOCK  OLIVES  FOE  HOME  TrSE.« 

In  California,  Arizona,  and  other  States  where  olives  can  be  grown 
successfully  many  he  '^'^^^V'^s  are  interested  in  pickling  them  by 
househnld  ipo+Vi/^Hv  *-^  .  ...  ^se.  According  to  experiments  carried 
on  at  tK,    i...   ,  .     ^     ^     -ki^^Tier  this  can  be  successfully 

lonr 

^x    —  '       ."   r-     •  o  ue8t  results  in  home  pick- 

»      ^1—  -•    -i   1'^       ^The  Mission  holds  its  color 

-  ...►  -  ~    .     -  .—  ^'^le  care  in  the  extracting 

•    ••••■  :  good  flavor.     The  Man- 

•  ■•'       —  '         ^ut  the  fruit  is  of  a  finer 

-  ■'  -i  .xi.^nt;  nor  is  the  color  of 


\,  Calif omia  Cir.  24,  Wisconflin  Sta.  Bui.  136. 
1'^?,  p  16. 
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The  olives,  either  green  or  ripe,  should  be  picked  into  pails  about 
one-third  full  of  water,  to  prevent  bruising,  and  sorted  as  to  size  and 
ripeness.  The  fruit  is  then  placed  in  suitable  vessels  (preferably- 
stone  jars,  though  wooden  kegs,  etc.,  may  be  used  if  sterilized  so  that 
they  are  free  from  mold  spores),  the  water  poured  off,  and  the  fruit 
covered  with  a  solution  made  of  2  ounces  of  soda  lye,  1  ounce  of  lime, 
and  1  ounce  of  common  salt  to  a  gallon  of  water.  The  solution  should 
be  thoroughly  mixed  and  allowed  to  stand  an  hour  before  using,  and 
is  best  if  made  of  boiled  and  cooled  water.  It  should  stand  about  2 
inches  above  the  fruit,  and  if  any  of  the  olives  float  it  is  necessary  to 
cover  them  with  a  board  and  weight. 

The  time  of  the  lye  treatment  varies  from  three  to  Beven  days,  according  to  the  vari- 
ety, size,  and  ripeness  of  the  fniit.  The  solution  should  be  examined  daily,  and  should 
the  sleek,  soapy  feeling  peculiar  to  lye  disappear,  it  indicates  that  the  solution  is 
exhausted.  The  old  solution  should  therefore  be  poured  off  and  new  solution  added. 
It  should  also  be  changed  at  once  should  any  scum  or  mold  appear.  The  fruit  should 
be  frequently  examined,  always  sampling  the  largest  olives  by  cutting  away  a  portion 
with  a  sharp  knife.  The  progress  of  the  lye  toward  the  interior  of  the  fruit  is  plainly 
marked  l)y  a  db?tinct  dark  ring.  When  the  ring  has  reached  almost  but  not  quite  to 
the  pit,  it  is  time  to  remove  the  lye  and  commence  the  washing. 

The  lye  should  now  be  poured  off  and  water  added  and  renew^ed 
morning  and  night.  The  wash  water  should  also  be  boiled  as  a  pre- 
ventive of  mold,  which  is  very  likely  to  develop  at  this  stage  of  the 
pickling  process.  The  fruit  should  be  kept  in  water,  as  before,  with 
the  board  and  weight,  and  tliroughout  the  extraction,  washing,  and 
salting  the  vessel  should  be  closely  covered.  It  will  require  from  four 
to  seven  days  to  remove  all  traces  of  the  alkali.  Washing  should  be 
continued  as  long  as  the  fruit  has  the  peculiar  hot  taste  due  to  the 
jjresence  of  lye,  and  it  is  well  to  test  it  with  red  Utmus  paper,  which 
will  turn  blue  if  a  trace  of  the  lye  remains.  If  the  olives  are  still 
bitter  after  the  washing  has  been  completed,  they  should  receive  a 
second  treatment  with  lye,  followed  by  washing. 

When  free  from  lye  the  olives  are  ready  for  salting,  the  brine  being 
composed  of  2  ounces  of  common  salt  to  a  gallon  of  water.  It  should 
be  thoroughly  boiled,  cooled,  and  poured  over  the  olives.  The  next 
day  this  solution  should  be  poured  off  and  a  solution  containing  4 
oimces  of  salt  should  be  used.  ''If  the  stronger  solution  is  used  to 
l/vgiix  with,  the  olives  will  shrivel.  The  fruit  should  next  be  treated 
with  an  S-ounce  brine,  and  if  intended  to  keep  for  some  time,  finally 
with  a  brine  containing  14  ounces  of  salt  to  the  gallon.  A  14-ounce 
brine,  however,  makes  the  ohves  too  salty  to  be  used  without  a  slight 
soaking." 

In  the  author's  opinion,  a  better  method  of  keeping  the  finished 
product  is  to  process  the  olives  after  adding  the  8-ounce  brine.  Glass 
fruit  jars  filled  with  olives  and  brine,  with  the  covers  lightly  screwed 
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down  over  the  rubbers,  are  stood  in  water  in  a  tin  wash  boiler  and 
heated  to  175°  F.  for  thirty  minutes.  They  should  be  then  removed 
and  the  covers  quickly  tightened.  *^By  this  process  the  flavor  of  the 
oHve  is  not  injured,  and  if  properly  done  the  fruit  will  keep  at  least 
several  months  without  deteriorating.^* 

Mrs.  L.  H.  Adams  and  E.  P.  Sandsten,  of  the  Wisconsin  Experiment 
Station,  in  a  recent  bulletin  state  that  mock  olives  can  be  made  for 
home  use  from  unripe  phims.  According  to  the  directioDB  which 
they  give,  the  plums  when  just  beginning  to  rii>en,  but  still  green, 
should  be  pickled  in  a  brine  strong  enough  to  hold  up  an  egg;  the 
brine  may  be  made  from  sea  salt,  or,  if  this  is  not  convenient,  from 
common  rock  salt.  The  brine  should  be  poured,  hot,  over  the  fruit 
and  allowed  to  stand  for  twenty-four  hours.  It  should  then  be  poured 
off  and  the  fruit  placed  in  a  new  brine,  boiled  for  one  minute,  and 
sealed  in  the  hot  brine  in  suitable  jars. 

THE  HAT  BOX  OE  FIEELESS  GOOHEB.'' 

Considerable  interest  has  been  manifested  recently  in  a  system  of 
cookery  in  practice  in  Norway  and  other  parts  of  Europe,  in  which 
boiling  hot  food  in  tightly  covered  receptacles  is  packed  in  some  non- 
conducting material  in  such  a  way  that  it  keeps  hot  for  a  long  time 
and  slowly  cooks.  As  hay  is  conomonly  used  in  Europe  as  a  packing, 
the  cooker  is  frequently  called  a  '^hay  box  cooker.''  Sometimes  it  is 
spoken  of  as  a  '^Norwegian  nest,''  and  the  name  ^'fireless  cooker"  is 
also  used.  The  ])rinciple  involved  is  a  simple  one,  namely,  the  reten- 
tion of  heat  and  hence  the  continuation  of  cooking  by  surroimding  hot 
food  with  some  nonconducting  material. 

Just  when  the  Norwegian  cooking  apparatus  was  devised  it  would 
be  hard  to  say,  but  it  has  been  in  us<»  for  a  long  time  and  in  1867 
excited  considerable  interest  and  curiosity  when  it  was  shown  as  a 
part  of  the  Scandinavian  exhibit  at  the  Paris  Exposition.  W.  Mat- 
tieu  Williams**  describes  it  in  his  treatise  on  cooking,  first  published 
^  number  of  years  ago,  as  being  well  known,  and  also  makes  reference 
tr  in  ovn'^rirnnTit  */  ^\-it>+  "^umford's  in  which  meat  was  cooked  under 

j««   ••><      '"' •>  .     i^'^'^ning  it  for  a  long  time  at  a  tempera- 

.■■  -^^liTiqj  water.     Many  persons  are 

■1--^^  •  -v-      xperiments  in  which  eggs 

-■        "'       -i.'0  •'^'^^'^  placed  in  an  earthen 

—  •  -'         -••    '       -     '•• '     i^i^tly  covered,  wra,pped 
^-...              .-  .'    -.      -.«*  allowed  to  remain  over- 
■   •      -        .  "        —  says,  to  be  '' cooked  to 
ot 


Compi..  ^f^Ming  Course  for  Farmers'  Wives,  5.  ser.,  1907,  No.  23, 

.^  446 > Rep  -        L    ^    Aro^y]^  1905,  T^  80;1906,  p.  14. 
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According  to  WilKams's  description,  the  Norwegian  coohmg  appa- 
ratus ''consists  of  an  inner  tin  pot  with  well-fitting  Kd,  wMch  fits 
into  a  box,  having  a  thick  Kning  of  ill-condncting  material — such 
as  felt,  wool,  or  sawdust  (it  should  be  2  or  3  inches  thick,  bottom  and 
sides).  A  fowl,  for  example,  is  put  into  the  tin,  which  is  then  filled 
up  with  boiling  water  and  covered  with  a  close-fitting  cover  lined 
like  the  box,  and  firmly  strapped  down.  This  may  be  left  for  ten 
or  twelve  hours,  when  the  fowl  will  be  found  most  delicately  cooked/' 

From  time  to  time  articles  have  appeared  regarding  this  method 
of  preparing  food,  and  recently  considerable  interest  has  been  mani- 
fested in  the  subject,  perhaps  owing  to  the  efforts  of  the  Grerman 
Government*  to  direct  the  attention  of  the  families  of  small  means 
to  this  device  as  furnishing  an  economical  method  of  cookery.  The 
popular  descriptions  ^  of  this  sort  of  cooker,  which  have  appeared 
now  and  then,  differ  more  or  less  in  details,  but  the  principle  is 
always  the  same,  namely,  the  retention  of  heat  by  surrounding  the 
food  with  nonconducting  material. 

Such  cookers  may  be  readily  made  at  home,  and  even  when  they  are 
of  very  simple  construction  they  have  given  good  results  provided 
they  are  well  packed  with  insulating  material.  A  tightly  covered 
tin  or  enameled  can  or  bucket  or  a  kettle  preferably  without  a  handle, 
but  having  a  tight  cover,  and  a  wooden  box  and  packing  material 
are  the  essential  features.  The  packing  box  or  other  receptacle 
should  be  considerably  larger,  say  3  or  4  inches  in  every  direction,  than 
the  vessel  used  for  cooking.  Line  the  box  with  several  thicknesses 
of  paper  or  with  asbestos.  Over  the  bottom  of  the  box  should 
be  spread  a  thick  layer  of  hay,  crumpled  newspaper,  or  similar 
material  tightly  packed.  The  cooking  vessel  is  placed  on  the  center 
of  this  and  the  spaces  between  it  and  the  sides  of  the  box  packed 
full  of  the  hay  or  whatever  is  used.  A  thick  cushion  or  pad  of  suit- 
able size  should  be  made  for  covering  the  top  of  the  can  and  a  wooden 
cover  for  the  box  is  also  desirable.  In  some  of  the  cookers  which 
have  been  described  in  magazines,  etc.,  thick  felt,  asbestos,  cork,  and 
other  nonconducting  materials  have  been  used  for  packing,  but  good 
results  have  been  reported  with  the  simpler  materials. 

These  cookers  may  be  made  to  hold  one  or  more  cooking  vessels, 
itnd  in  case  space  is  desired  for  two  or  more  it  is  convenient  to  divide 
the  box  into  compartments. 

Figure  1,  which  is  dra¥ni  from  data  furnished  by  tests  carried  on 
at  the  Cornell  Agricultural  College  and  Experiment  Station,  in  con- 
nection with  home  economics  courses,  shows  a  oookefc  suitable  for 
two  cans. 

a  Mo.  Consular  and  Trade  Rpts.  [U.  S.l,  1906,  Nob.  297,  p.  15;  302,  p.  242. 
fcHome  ScL  Mag.,  20  (1903),  p.  9;  Amer.  Agr.,  79  (1907),  No.  1,  p.  27;  Everyday 
Housekeeping,  22  (1906),  p.  816;  The  Hay-Box  Cook  Book,  Chicago,  1906. 
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The  tests  at  Cornell  have  been  satisfactory  and  the  hay  box  cooker 
"is  recommended  to  housewives  as  a  means  of  saving  fuel  and  secur- 
ing good  results  in  cooking  cereals,  chicken,  macaroni,  or  anything 
requiring  long,  slow  cooking  or  steaming." 

The  food  which  is  to  be  cooked  is  brought  to  the  boiling  point  in 
the  can  or  bucket  and  cooked  for  a  short  time,  two  or  three  to 
twenty  minutes  usually,  or  perhaps  ten  minutes  on  i^n  average 
(though  the  time  depends  upon  the  material  and  should  be  learned 
by  experience), and  is  tightly  covered  and  placed  in  the  nest  and  cov- 
ered on  top  with . 
the  cushion  and  the 
lid  of  the  box  closed. 
The  cool  air  of  the 
room  can  not  pass 
through  the  pack- 
ing to  the  can  nor 
can  the  heat  inside 
it  pass  through  the 
nonconducting  ma- 
terial, except  very 
slowly,  and  so  the 
food  remains  hot 
for  several  hours 
and  cooks  thor- 
oughly and  evenly 
without  further  at- 
tention. According 
to  the  Cornell  re- 
port, "about  twice 
as  much  time  is 
required  as  in  cook- 
ing over  the  flame. 
There  is  Uttle  evap- 
oration. Conse- 
quently, care  must 
be  taken  not  to  use 
too  much  water  in  preparation.  Many  articles  of  food  are  better  for 
long,  slow  cooking,  and  as  neither  fire  nor  attention  is  needed  (after 
the  initial  heating)  it  proves  an  economical  means  of  preparing  food 
for  the  table."  An  advantage  claimed  for  the  haj''  box  cooker  is  that 
there  are  no  noticeable  odors  from  the  cooking  food. 

The  cooker  must  not  be  opened  from  the  time  the  food  is  placed 
in  it  until  it  is  needed  for  serving,  as  the  removal  of  the  covering, 
etc.,  would  mean  an  escape  of  heat. 
Cookers  constructed  on  the  principle  outUned  have  been  tested 
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for  several  years  by  the  Commissary  Department  of  the  United  States 
Army  and  have  given  good  satisfaction,  particularly  for  the  prepara- 
tion of  rations  for  soldiers  on  the  march.  According  to  the  reports  of 
the  Comiiiissary-Greneral,  the  cookers  used  are  of  large  size  and 
special  attention  is  given  to  packing  materials  and  other  factors  so 
as  to  insure  the  insulation  of  the  containers  in  which  the  food  is 
cooked.  The  meat,  beans,  cereal,  or  other  food  is  heated  in  the  can 
at  breakfast  time,  packed,  and  carried  in  carts  with  the  other  camp 
equipment  while  the  men  are  on  the  march,  and  when  camp  is  reached 
at  night  a  hot  soup  or  other  dish  is  ready  without  the  delay  attendant 
on  cooking  a  hot  meal  in  the  usual  way. 

In  tliis  system  of  cookery  the  food  is  kept  on  the  stove  for  only  a 
short  time,  and  hence  only  a  small  amount  of  fuel  is  required,  and  it 
has  a  further  advantage  in  that  it  does  not  heat  the  rooms  in  which 
the  cooking  is  done. 

By  means  of  this  cooker  a  breakfast  cereal  may  be  prepared  by 
boiling  it  a  few  minutes  in  the  evening,  then  packing  it  away  in  the 
cooker,  and  in  the  morning  it  will  be  ready  for  use.  Soup  can  be  pre- 
pared early  in  the  day  and  will  be  ready  for  luncheon  without  any 
further  attention.  In  the  descriptions  of  the  hay  box  cited  above 
and  other  similar  publications  the  writers,  on  the  basis  of  personal 
experience,  give  directions  for  the  preparation  of  v^etables,  meats, 
soups,  desserts,  and  other  dishes,  and  the  consensus  of  opinion  seems 
to  be  that  the  hay  box  cooker  is  a  convenient,  economical,  and  labor- 
saving  device. 

COMBATING  INSECT  ENEMIES  OF  SHADE  TEEES.^" 

In  recent  years  more  and  more  attention  has  been  given  by  munic- 
ipal authorities  to  the  condition  of  shade  trees  within  the  city  limits. 
A  number  of  insect  pe§ts  of  prime  importance  have  attacked  trees 
used  for  shade  purposes  in  cities,  and  where  no  attention  has  been 
given  to  these  pests  they  have  often  completely  defoliated  even  the 
largest  shade  trees  along  the  streets  and  in  city  parks. 

At  first  it  was  considered  difficult,  if  not  impossible,  to  apply  direct 
insecticide  treatment  to  tall  elms  and  other  shade  trees.  Prof.  J.  B. 
Smith,  of  the  New  Jersey  Station,  however,  showed  that  if  a  strong 
barrel  pump  were  used  and  a  bamboo  extension  pole  attached  to  the 
hose  for  holding  the  nozzle  as  far  as  possible  from  the  ground,  trees 
of  moderate  size  could  be  readily  sprayed  with  insecticides.  Since 
that  time  various  power  sprayers  have  been  put  in  operation  by 
means  of  which  sprays  may  be  thrown  to  the  top  of  the  tallest  shade 

aCoinpiled  from  IllinQis  Sta.  Bui.  112;  Kentucky  Sta.  Bui.  120;  MafisachuBettB  Sta. 
Bui.  114;  New  Uampshire  Sta.  Bui.  128;  New  York  Cornell  Sta.  Bui.  233;  U.  S. 
Dept.  A^r.,  Farmers'  Bui.  99. 
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trees.  Since  the  most  serious  shade-tree  insects  feed  upon  the  foliage 
and  may,  therefore,  be  destroyed  by  the  use  of  arsenicals,  it  becomes 
merely  a  matter  of  civic  pride  whether  suitable  means  will  be  put  in 
operation  for  protecting  shade  trees.  It  has  been  estimated  by 
Doctor  Howard  that  with  an  ex])ense  of  $4,000  or  $5,000  annuaUy 
almost  any  city  in  the  United  States  may  keep  the  foliage  of  its  shade 
trees  in  a  gi'een  condition  throughout  the  growing  season. 

Great  dilFerences  have  been  noted  in  the  susceptibility  of  various 
species  of  shade  trees  to  insect  attacks.  The  least  susceptible  is  the 
ginkgo,  which  in  this  country  has  not  been  attacked  by  any  serious 
insect  pest.  The  tiilij)  tree  is  almost  equally  free  from  insects, 
although  plant  lice  and  gall  midges  may  disfigure  the  leaves  to  some 
extent.  It  is  not  ])racticable,  however,  to  plant  in  all  cities  only 
those  trees  which  are  free  from  insect  pests.  Strong  preferences  are 
held  by  the  citizens  of  different  municipaUties  for  elms,  maples,  lin- 
dens, and  other  well-known  shade  trees  which  are  more  or  less  seri- 
ously attacked  by  insects.  In  order  to  protect  their  foliage  from 
destruction  during  the  growing  season  it  is  necessary,  according  to 
the  experience  already  had  in  various  cities,  to  place  the  work  of 
inseet  control  on  shade  tree^  in  the  hands  of  a  city  forester  or  super- 
intendent of  i)arks. 

Among  the  most  serious  insect  enemies  of  shade  trees  are  the  elm  leaf- 
beetle,  tussock  moth,  bagworm,  fall  webworm,  brown-tail  moth,  gipsy 
moth,  Cottonwood  leaf-beetle,  and  cottony  maple  scale.  Recently  the 
oriental  moth  has  been  discovered  in  Boston  and  threatens  injury  to 
shade  trees.  All  of  these  insects  except  the  cottony  maple  scale  may 
be  destroyed  by  spraying  the  foUage  with  arsenicals,  especially 
arsenate  of  lead.  The  first  application  may  be  made  immediately 
after  the  buds  have  opened  and  further  treatment  may  be  regulated 
according  to  the  abundance  of  leaf-eating  insects  in  any  given 
locality.  Most  of  the  pests  mentioned  in  the  list  of  important  shade- 
tree  insects  are  open  to  other  methods  of  attack.  Thus,  the  winter 
nests  of  the  brovTi-^ail  ir.oth  shr^nld  be  destroyed  before  the  insects 
)ex'onic  s^^^'^cro^  ■  ^^  ..  vir^c  "^I^p  invsy  moth  may  be  captured 
^y  band    v  ..         >         ^     -       vill  be  greatly  reduced  by 

.pctro^  'n,     I      -.^j     .  ...  .,       1, -n-beetle  in  the  larval  condi- 

•  v-  -i  the  trees  by  spraying  with 

-  ■     -  -i         •  —  >         lie  tussock  moth  are  con- 

-.  ...  -.  ...       -.       .-r  »^stroyed. 

'      •    .       ,v.c  .^  -lave  been  reported  dur- 
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'-iticides,  among  which  kero- 
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locust.  In  a  series  of  experiments  carried  out  by  Professor  Forbes, 
of  the  Illinois  Experiment  Station,  it  was  found  that  the  most  useful 
insecticide  for  the  control  of  this  pest  was  kerosene  emulsion,  which, 
if  a])plied  in  summer,  should  not  contain  more  than  10  to  12  per  cent 
of  kerosene,  and  if  used  in  winter  not  more  than  16  to  18  per  cent. 
It  is  recommended  that  the  first  sunmier  application  be  made  when 
about  half  of  the  eggs  are  hatched  and  the  second  just  at  the  end  of 
the  hatching  period.  As  a  rule,  however,  a  thorough  winter  applica- 
tion of  the  stronger  kerosene  emulsion  is  more  effective  than  the  sum- 
mer treatment. 

FEEDING  WHOLE  OEAIK.'' 

In  ordinary  digestion  experiments  with  farm  animals  the  propor- 
tions of  nutritive  materials  remaining  in  the  feces  are  determined  by 
chemical  analysis,  and  such  data  are  of  course  admirably  adapted  for 
the  study  of  many  problems. 

A  mechanical  method  of  separating  the  undigested  from  the 
digested  material  is  sometimes  followed  in  the  study  of  various 
practical  questions  connected  with  animal  feeding.  It  is  customary 
in  such  tests  to  mix  the  manure  with  large  quantities  of  water, 
which  w  ashes  away  the  metabolic  products  and  similar  materials  and 
leaves  the  undigested  grain  behind.  The  fact  that  the  manure  may 
contain  considerable  undigested  material  receives  practical  recogni- 
tion in  animal  feeding.  Pigs  are  very  commonly  allowed  to  follow 
fattening  steers  in  order  that  they  may  gather  and  utilize  this  food 
which  would  otherwise  be  wasted. 

In  tests  undertaken  at  the  Kansas  Station  to  determine  the  rela- 
tive amounts  of  soaked  and  dry  corn  thus  available  for  pig  feeding, 
the  droppings  from  two  lots  of  steers  were  gathered  for  twenty-eight 
days.  The  undigested  corn  was  carefully  washed  out  from  the 
feces  and  weighed  and  it  was  found  that  the  steers  fed  the  soaked 
corn  failed  to  digest  11  per  cent  of  the  8,045  pounds  eaten  and  those 
fed  the  dry  corn  16  ])er  cent  of  the  3,060  pounds  eaten.  The  grains 
compared  in  a  hiU'T  test  at  the  Kansas  Station,  which  covered  thirty- 
three  (lays,  included  com  meal,  red  Kafir  com  meal,  and  white 
Kafir  corn  meal.  Washing  away  the  digested  material  from  the 
undigested  showed  that  5.5  per  cent  of  the  com  meal,  11.3  per  cent 
of  the  red  Kafir  corn  meal,  and  14.1  per  cent  of  the  white  Kafir  com 
meal  passed  through  the  animals  undigested.  The  utilization  of  the 
undigested  material  by  pigs  was  one  of  the  principal  features  studied 
in  both  of  tliese  tests. 

A  recently  published  bulletin  of  the  Michigan  Station  reports  the 
results  of  a  study  undertaken  to  determine  the  proportion  of  whole 
com,  whole  oatSy  and  a  mixture  of  these  grains  which  escaped  diges- 
ts (\)mpilod  from  Kansaa  Sta.  BuLb.  47  and  67;  Michigan  Sta.  Bui.  242. 
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tion  when  fed  to  cattle.     According  to  R.  S.  Shaw  and  H.  W.  Norton, 
jr.,  who  carried  on  this  work — 

For  some  time  past  the  Bystem  of  feeding  whole  grain  has  had  many  advocates. 
Some  speakers  and  writers  on  agricultural  and  live-stock  subjects  have  advised  the 
use  of  whole  com  either  alone  or  in  conjunction  with  other  grains  Xor  steer  feeding, 
and  many  farmers  arc  feeding  whole  oats  to  cows,  young  stock,  and  calves. 

The  presence  of  large  quantities  of  oats  in  the  droppings  from  cows  fed  a  grain  mix- 
ture containing  whole  oats,  and  the  fact  that  a  field  manured  with  these  droppings 
produced  a  fairly  good  stand  of  fxits  suggested  an  experiment  to  det^mine  the  per- 
centage of  whole  grain  passing  through  the  digestive  tract.    *    *    * 

Claims  are  also  made  by  advocates  of  this  method  of  feeding  that  even  though  a 
large  amount  does  pass  through  without  apparent  change  still  the  n-tiinn^l  "gets  a  lot 
of  g(X)d  out  of  it."  To  clear  up  this  last  question  chemical  analyses  were  made  to  find 
the  exact  (composition  of  the  grain  both  before  and  after  feeding  in  order  to  detect  any 
changes  taking  place.     *    *    * 

No  attempt  was  made  to  compare  the  feeding  value  of  whole  grain  with  ground 
grain,  nor  was  any  attempt  made  to  ascertain  the  gains  or  losses  in  weight  made  by 
the  animals  while  on  the  whole-grain  feed. 

Each  of  the  grain  rations  was  tested  with  lots  containing  two  cows, 
two  heifers,  and  two  calves,  the  feeding  period  covering  seven  days. 

All  grain  fed  was  weighed  and  all  droppings  collected  and  washed  through  screens 
to  separate  the  grain.  The  screens  were  as  fine  meshed  as  could  lie  used  and  still 
allow  the  es(!ape  of  everything  but  the  grain;  in  fact  some  of  the  oats  were  washed 
through  and  lost.  *  *  *  The  grain  was  then  spread  out  in  a  warm  room  and  dried 
and  run  through  a  fanning  mill  to  clear  from  straw  and  chaff  and  was  finaUy  weighed. 
Samplers  were  taken  for  chemical  analyses. 

The  following  table  shows  the  proportion  of  the  grain  eaten  which 
was  recovered  whole  in  the  feces: 

Proportion  of  grain  eaten  recovered  whole  in  the  feces;  experiments  with  eattJe. 


Kind  of  animal. 

Whole  com 
recovered. 

Whole  oats 
recovered. 

^riiole  ooiD 

•DdOftU 

VBoovwnd. 

Cows      

Per  cent. 
22.75 

PereenL 
12.00 
5.48 

PereeiU. 
SB.  46 

Heifers 

10.  n 
6.28 

IT.fiO 

Calves          

5.78 

It  will  bo  noted  that  in  every  case  smaller  quantities  of  undigested 
grain  were  found  in  the  droppings  of  the  younger  animals  and  that 
the  proportion  of  com  which  escaped  digestion  was  greater  than  that 
of  oats. 

Chemical  analyses  phuwe<l  practically  the  same  composition  of  grain  as  before  feed- 
ing; therefore  it  is  safe  to  conclude  that  the  animal  derives  no  benefit  from  grain  which 
pa.'^ses  through  the  digestive  tract  unmastioated. 

The  germinating  power  of  the  grain  passing  through  the  system  waa  affected  very 
markedly  but  not  entirely  destroyed,  as  4.3  per  cent  of  the  com  and  10.6  per  cent  of 
the  oats  germinated  after  this  treatment. 

The  data  reported  are  not  sufficient  for  general  deductions  as  to 
the  relative  merits  of  whole  and  ground  grain  or  soaked  and  dry 
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grain,  but  they  do  clearly  show  that  in  ordinary  methods  of  feeding 
the  proportion  of  grain  which  escapes  digestion  may  be  considerable. 
It  is  a  matter  of  experience  that  cattle  fed  large  grain  rations  toward 
the  close  of  a  fattening  period  digest  such  feed  less  completely 
than  animals  eating  smaller  quantities.  Factors  like  the  above  should 
receive  consideration  in  regulating  the  number  of  pigs  following 
fattening  steers  and  other  questions  connected  with  animal  feeding, 
in  order  that  the  greatest  profits  may  be  secured. 

The  length  of  time  which  grain  remains  in  the  digestive  tract  was 
one  of  the  questions  considered  in  the  tests  at  the  Kansas  Station. 
On  one  day  of  a  feeding  period  red  Kafir  com  was  substituted  for  the 
white  Kafir  corn  which  made  up  the  grain  portion  of  the  ration. 
On  the  day  immediately  following  it  was  found  that  red  kernels 
began  to  appear  in  the  manure  and  the  maximum  niuuber  was  noted 
on  the  afternoon  of  the  second  day.  They  then  began  to  decrease,  and 
on  the  fourth  day  only  a  few  red  kernels  were  found  in  the  washings. 

THE  IMPBOVEMENT  OF  CATTLE.'' 

The  Michigan  Experiment  Station  has  begim  animal-breeding 
experiments,  and  a  recently  published  general  discussion  of  breeding 
problems  by  R.  S.  Shaw  is  the  outcome  of  this  work.  In  Professor 
Shaw's  opinion  vor^^  many  Michigan  cattle  breeders  raise  inferior 
milch  cows  and  steers,  the  chief  fault  of  the  common  cattle  being  a 
lack  of  quality  and  imiformity,  which  is  due  not  so  much  to  lack  of 
the  infusion  of  good  blood  as  to  the  indiscriminate  admixture  of 
beef  and  dair^^  types. 

With  the  rise  in  prices  of  dairy  products,  the  common  cows  have  been  bred  to  dairy 
bulls;  with  deproriated  valuoa  for  dairy  products,  these  same  cows  and  their  female 
progeny  havo  boen  bred  back  to  beef  sires,  and  so  on.  On  the  other  hand,  there  are 
plenty  of  instances  whore  herds  possessed  of  cows  of  a  small  type,  producing  a  small 
flow  f  rich  milk,  have  been  bred  to  a  bull  of  a  larger  breed  noted  for  heavy  milk 
flow,  and  vice  versa. 

In  urging  that  widespread  attention  be  paid  by  Michigan  cattle 
raisers  to  improvements  in  dairy  and  beef  herds,  a  number  of  general 
deductions  are  drawn  regarding  some  of  the  more  important  phases 
of  cattle  breeding.     In  the  author's  opinion  live  stock  improvement 

is  not  difficult. 

Questions  of  breeding  are  generally  regarded  as  being  obscure,  intricate,  and 
extremely  diflicult,  except  to  those  skilled  in  the  art  through  long  years  of  training. 
*  *  *  But  the  initial  step  in  livestock  breeding  for  improvement  confronting 
us  to-day  is  an  exceedingly  simple  one;  we  do  not  need  to  undertake  the  establish- 
ment of  new  types  or  breeds,  as  there  are  plenty  now  in  existence  to  choose  from 
which,  judiciously  chosen,  will  respond  favorably  to  the  conditions  to  which  they  are 
adapted.  The  lirst  step  in  the  line  of  live-stock  improvement  must  come  from  the  ces- 
sation uf  th(^  practice  of  admixing  the  blood  of  the  various  breeds  and  of  using  grade 
and  wrub  sin^. 

o  Compiled  from  Michigan  Sta.  Bui.  241. 
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The  plan  we  have  to  suggest  [for  the  upgrading  of  herds]  and  discuBB  for  the  improve- 
ment of  the  common  stocks  of  the  country  is  that  known  as  upgrading,  which  consistB 
in  ingrafting  the  characteristics  of  a  superior  breed  upon  animals  of  common  or  mixed 
breeding  for  the  purpose  of  improving  them.  This  improvement  is  due  to  the  supe- 
rior quality  of  the  males  used  and  chiefly  their  prepotency  or  power  of  transmittiDg 
accurately  these  qualities  to  their  offspring.  This  plan  differs  from  croesbreeding  in 
that  pure  blo<Kl  is  used  on  the  sire's  side  and  females  of  mixed  blood  or  no  blood  on 
the  dam's  side.  Thus  we  have  the  prepotency  concentrated  in  the  bull  and  the  very 
op{K)site  in  the  femsJcs,  as  the  more  mixe<l  the  breeding  the  less  stable  are  the  inherent 
characteristics  of  the  individual,  and  therefore  the  less  resistant  to  improvement. 

It  would  be  absolutely  impracticable  to  advise  all  owners  of  common  cattle  to  send 
their  stocks  U>  the  block  and  purchase  purt^bred  foundation  stocks;  only  a  few  could  do 
this  for  the  folk)wing  reasons:  First,  if  the  great  majority  now  possessed  of  common  stocks 
wsre  to  siniultan«K>usly  seek  to  purchase  pure-bred  foundation  stocks,  they  could  not 
get  them;  they  are  not  in  existence,  for  only  about  1  per  cent  of  the  cattle  in  the  United 
States  are  posfli»ssod  of  pedigrees.  Second,  the  finances  of  a  great  many  holders  of 
common  stock  are  not  such  as  to  allow  them  to  make  extensive  purchases  of  pedi- 
greed animals  and  replacement  is  out  of  the  question,  as  it  would  require  the  returns 
from  the  sale  of  thrw*  or  four  common  animals  to  purchase  one  pedigreed  one.  Third, 
it  is  highly  dctjirable  for  breeders  to  grow  into  any  line  of  pure  breeding  rather  than  to 
buy  into  it  suddenly  and  take  up  a  work  in  which  experience  is  necessary. 

In  general,  then,  it  is  necei«sary  for  the  majority  of  holders  of  common  stock  to  make 
the  best  use  of  the  animals  on  hand  with  a  view  to  improving  them.     Let  us  suppose 
the  ca.*'^^  of  a  herd  of  common  or  mixed  cattle  of,  say,  18  head  and  apply  a  plan 
of  improvement.     The  lirst  thing  for  the  owner  of  this  herd  to  do  b  to  decide  upon  some 
one  line  of  production,  either  beef  or  dairy,  and  then  stand  by  the  resolution.     With- 
out this  he  can  not  improve  his  herd,  for  the  animals  of  mixed  breeding  are  largely 
the  result  of  freijuent  change  of  purpose.     Suppose  in  this  case  that  the  owner  has 
decided  to  go  into  the  dairy  business;  that  l>eing  tlie  case,  the  next  thing  to  do  will 
be  to  look  over  the  herd  of  18  and  decide   which  ones  are  so  possessed  of  dairy  ' 
t^'pe  and  characteristics  astf)  warrant  their  being  used  in  the  business.     They  can  be  ! 
divided  into  three  classes — such  as  best,  medium,  and  inferior — ^from  a  dairy  stand-  | 
point.     Then,  in  the  majority  of  cases,  it  will  be  found  to  be  a  decided  advantage  j 
to  send  the  6  inferior  ones  to  the  block  and  use  the  remaining  12  for  the  founda- 
tion herd.     Having  selected  the  females  to  be  retained,  the  next  and  one  of  the  most  ! 
important  steps  is  to  decide  upon  the  breed  to  be  used  in  improvement.     In  this, 
adaptability  of  the  breed  to  the  conditions  and  the  question  of  personal  preference, 
are  the  two  important  factors;  the  decision  of  this  question  is  also  an  important  &c-  | 
or,  for  a  change  of  mind  after  the  work  has  begun  and  the  use  of  other  blood  is  more  } 
»T)t  to  re*^"U  in  retroji^ression  f)r  a  time  tlian  improvement.     Having  decided  upon 
^o  Krrw.'         \o  u^'"'l  ♦"     f>\»^fo"':.t, -.Tit,  suppose  it  is  the  Holstein,  then  purchase  the 
^  —  n    .11'       •        ^                 x/^i        11    allow.    Mate  this  bull  with  the  12 
.1'                               .^n/i-    uUx:C  which  his  progeny  will  be  old  enough 
*^                                '^'     ioiaf'^in  bull,  a  better  one  than  the  first  if 
H**i..     •  *"d  indefinitely.    Let  it  be  Holstein 
^'^^»*    •      ''""     We  have  cited  the  Holstein 
' —                  ae  plan  must  be  used  no  matter 

-  r.v  ^at  tne  use  of  improved  methods  of 

'    >  -^ly  necessary  for  these  to  be  supple- 

•  a  management.  ' 
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In  general,  it  can  scarcely  be  said  of  a  bull  that  he  has  reached  full  maturity  until 
4  years  of  age,  though  this  perfect  stage  of  development  is  commonly  regarded  as 
being  attained  at  a  somewhat  earlier  age  among  some  breeds.  It  has  been  a  common 
practice  for  years  among  farmers  to  send  the  3  or  4  year  old  bulls  to  the  block, 
largely  because  there  is  no  sale  for  them  as  breeders.  The  general  rule  among  pros- 
pective purchasers  is  to  search  for  nothing  but  young  bulls — yearlings  or  less — with 
the  idea  that  they  will  grow  into  money  for  them,  if  they  can  dispose  of  them  before 
maturity.     *    *    * 

There  are  some  decided  advantages  in  purchasing  mature  bulls.  One  of  the  great- 
est of  these  is  found  in  the  fact  that  the  buyer  can  ascertain  something  relative  to 
the  character  of  their  get.  This  is  most  important  to  the  breeder  of  dairy  stock. 
Another  advantage  arises  from  the  fact  that  there  is  always  more  or  less  uncertainty 
regarding  the  future  development  of  the  bull  calf,  while  this  factor  is  entirely  elimi- 
nated in  the  purchase  of  a  mature  sire.  It  is  also  not  unreasonable  to  conclude  that 
a  mature  sire  will  beget  more  vigorous  offspring,  especially  because  the  young  ones 
are  frequently  used  to  excess.  Three  and  4  year  old  bulls  can  generally  be 
secured  at  very  reasonable  prices. 

During  the  past  decade  or  two  there  has  been  a  growing  tendency  to  breed  heifers 
at  an  early  age.     This  is  particularly  true  among  the  dairy  breeds.    *    *    * 

While  it  is  clearly  apparent  that  immature  breeding  has  reduced  the  size  of  many 
of  our  dairy  cattle,  it  has  not  been  proven  that  diminished  constitutional  vigor  has 
accompanied  this  loss  of  size,  though  jnany  hold  to  that  view.  It  is  rational  to 
assume  that  in  unduly  immature  breeding  some  of  the  physiological  laws  of  nature 
must  be  violated,  and  this  can  not  occur  without  being  followed  by  some  evil  results. 
No  fixed  age  can  be  given  for  the  breeding  of  heifers.  It  should  be  dependent  on 
the  rapidity  and  character  of  the  development  of  the  individual. 

As  regards  grades  versus  pure  breeds,  ''high-grade  animals  maybe 
eventually  produced  capable  of  equaling  those  of  the  pure  breed 
used  in  their  improvement  in  so  far  as  meat  or  milk  production  are 
concerned,  but  at  the  same  time  they  can  never  equal  them  in  pre- 
potency nor  become  possessed  of  pedigrees,  except  in  rare  instances." 

In  breeding  up  herds  some  form  of  cooperation,  in  Professor 
Shaw's  opinion,  should  be  estabUshed  by  communities,  such  as  the 
joint  ownership  and  use  of  males  by  several  cattle  breeders.  That 
such  cooperation  has  not  always  been  successful  when  attempted  is 
explainable  on  several  grounds,  but  there  is  every  reason,  in  his  judg- 
ment, to  believe  that  it  is  possible  and,  rightly  managed,  will  lead 
to  satisfactory  results. 

VENTILATION  OF  STABLES « 

Some  experiment  station  work  along  the  line  of  stable  ventilation 
has  been  summarized  in  a  previous  bulletin  of  this  series.*'  Many 
problems  have  arisen  in  connection  with  the  ventilation  of  stables 
and  have  assumed  such  importance  that  the  necessity  for  the  study 

aCoini)iled  from  Minnesota  Sta.  Bui.  98;  U.  S.  Dept.  Agr.  Yearbook  1904,  pp. 
216-218. 

bV.  S.  Dept.  Agr.,  Fanners'  Bui.  190,  p.  23. 
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of  the  subject  from  all  possible  standpoints  has  been  recognized. 
Important  contributions  to  the  subject  have  recently  been  made  by 
M.  II.  Reynolds,  of  the  Minnesota  Station.  The  results  obtained 
by  this  inyestigator  appear  to  be  at  variance  with  the  conmionly 
accej)te<l  ideas  of  ventilation  and  suggest  that  new  explanations  are 
needed  of  the  observed  facts  in  cases  of  good  and  poor  ventilation. 

One  of  the  main  ol)jccts  of  this  study  was  to  determine  the  effect 
of  carbon  dioxid  upon  animals  confined  in  stables.  In  experiments 
with  human  beings  in  the  respiration  calorimeter  Professor  Atwater 
has  shown  that  man  remains  apparently  in  perfect  comfort  in  an 
atmosphere  containing  2.3  per  cent  of  carbon  dioxid,  or  almost 
SO  times  the  quantity  found  in  ordinary  atmospheric  air.  The  air, 
however,  was  kept  pure  in  other  respects  and  the  amount  of  mois- 
ture was  not  unusually  high.  In  the  experiments  carried  out  by 
Doctor  Reynolds  on  cattle  the  air  was  saturated  with  moisture  and 
the  amount  of  carbon  dioxid  varied,  being  in  some  cases  as  high  as 
2.67  per  c^nt,  as  compared  with  0.03  per  cent  in  ordinary  air. 
Moreover,  the  air  contained  ammonia  and  other  oi^anic  materials 
which  may  be  given  off  in  expired  air. 

In  such  an  atmosphere,  obtained  by  confining  steers  in  a  nearly 
air-tight  box  stall,  steers  were  kept  for  periods  varying  from  two  to 
twenty-eight  days.  None  of  the  bodily  functions  were  materially 
disturbed,  the  only  effects  observed  being  a  slight  increase  in  the 
rate  of  pulse  and  respiration  and  a  small  elevation  of  temperature. 
Tlie  animals  showed  good  appetite  and  appeared  to  be  in  perfect 
health  and  comfort  during  confinement.  The  amoimt  of  moisture 
in  the  atmosphere  of  the  stall  was  so  great  that  water  ran  down  the 
sides  of  the  stall  and  the  walls  became  covered  with  mold.  Never- 
theless, animals  confined  under  these  circumstances  not  only 
appeared  to  remain  healthy  and  comfortable,  but  gained  at  the 
rate  of  1  pound  per  day.  Even  the  healing  process  foUowing  upon 
dehorning  seemed  not  to  be  interfered  with  by  confinement  in  the 
moist  atmosphere  containing  more  than  80  times  the  normal  amount 
of  carbon  dioxid. 

Doctor  Kcynolds  concludes  from  these  experiments  that  the  com- 
mon explanation  of  the  desirability  of  ventilation  in  stables  must 
be  revised  to  conform  with  the  results  which  he  has  obtained.  It  is 
suggested  that  tlu^  air  recjuirements  recommended  by  various 
investigators  for  farm  animals  confined  in  stables  are  altogether  too 
high,  and,  in  most  cases,  impossible  of  accomplishment.  These 
re(|uirements  vary  from  14,000  to  32,000  cubic  feet  per  hour,  whereas 
the  stall  in  which  steers  were  confined  during  the  experimients  of 
Doctor  Reynolds,  contained  only  784  cubic  feet  of  air.  It  is  urged 
that   from  the  standpoint  of  economy  and  profit  the  fundamental 
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problem  in  stable  ventilation  consists  in  determining  the  least  amount 
of  air  change  necessary  to  keep  the  animals  in  health  and  comfort. 
Further  experiments  will  be  carried  out  to  determine  the  minimum 
amount  of  atmospheric  change  required  for  this  purpose.  It  is  sug- 
gested that  a  well-lighted  but  poorly  ventilated  stable  is  perhaps 
superior  from  a  sanitary  standpoint  to  one  which  is  poorly  lighted 
and  well  ventilated. 

HOG  COTS.« 

In  continuation  of  a  previous  article*'  attention  is  here  called  to 
two  forms  of  portable  hog  houses  or  hog  cots  in  use  at  the  Wisconsin 
Station,  wliich  are  thus  described  by  J.  G.  Fuller  of  that  station: 

The  first  type  of  cot  used  is  represented  in  figure  2  and  is  constructed  in  the  following 
manner:  The  framework,  as  the  cut  shows,  is  made  by  using  2  by  4*8  16  feet  long, 
sawed  in  the  middle,  thus  making  the  bottom  dimension  8  feet  square,  each  side  8 
feet  square,  the  gable  ends  being  thus  formed  with  rafters  8  feet  in  length.  The  front 
sill  is  laid  flatwise  to  interfere  as  little  as  possible  with  the  young  pigs  going  in  and 
out.    Tlie  frame  rests  on  short  pieces  of  2  by  4*8  railed  across  each  comer,  which  can  be 


Fig.  J.— Wigwam  hog  cot  used  at  Wisconsin  Station. 

replaced  when  necessary.  When  a  floor  is  desired  it  should  be  constructed  on  stringers 
and  the  frame  made  to  rest  thereon.  The  following  lumber  will  build  the  house  with- 
out flcx)r: 

13  pieces  No.  1 ,  1  inch  by  12  inches,  16  feet  long. 

6  pieces,  2  inches  by  4  inches,  16  feet  long. 

10  0.  G.  battens,  16  feet  long. 
Eight  boards,  sawed  in  the  middle,  make  the  sides  and  the  remainder,  the  ends.    A 
small  perpendicular  slide  window  is  usually  made  in  the  rear  gable  for  ventilation. 
The  total  cost  of  material  for  the  house,  as  shown  in  the  cut,  without  floor,  amounts 
to  practically  $11. 

Another  type  of  house  may  be  built  in  two  sizes.  The  larger  size, 
the  completed  structure  shown  in  figure  3,  is  8  feet  wide  by  10  feet 
long,  7  feet  2  inches  high  in  front,  and  3  feet  high  in  the  rear.  The 
smaller   house  ^   the   frame   and   completed   structure   of  which   are 

a  Compiled  from  Wisconsin  Sta.  Rpt.  1906,  p.  42. 
b  U.  S.  Dept.  Agr.,  Farmers'  Bui.  273,  p.  11. 
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shown  in  figure  4,  is  6  feet  wide,  8  feet  long,  6  feet  2  inches  high  in 
front,  and  3  feet  high  in  the  rear.  The  construction  of  these  houses 
is  simple,  as  may  be  seen  from  figure  4. 

The  floor  is  built  first,  with  2  by  4*8  as  stringers,  and  the  frame  is  held  on  the 
floor  by  blocks  at  each  comer.  The  large-sized  house  is  provided  with  two  doore 
in  front  and  a  temporary  movable  partition  in  the  middle  eo  that  the  cot  can  easily 
bo  adjusted  to  accommotlatc  two  lots  of  swine  at  the  same  time.     On  a  level  with  the 

glass  windows  there  b  also  a 
drop  window,  preferably  hung  on 
hinges,  fastened  at  the  top  for 
ventilation  and  sunlight. 

The  lumber  required  for  the 
large  house,  8  feet  wide  and  10 
feet  long,  including  floor,  is  as 
follows: 

20  pieces,  2  inches  by  4  inches, 
10  feet  long,  for  frame  and  stringers. 
2  pieces,  2  inches  by  4  inches, 
16  feet  long,  for  frame  in  ends. 

20  pieces,  1  inch  by  12  inches, 
16  feet  long,  for  roof  and  ends. 
5  pieces,  1  inch  by  12  inches,  16  feet  long  (rough  k  for  floor. 
15  O.  G.  buttons,  16  feet  long,  for  sealing  cracks  between  boards. 
Th(^  material,  including  the  door,  lunges,  and  glass,  will  cost  between  $16  and  |17. 
The  lumber  required  for  the  house  6  feet  wide  and  8  feet  long  is  as  follows: 
12  j)i<»cefi,  2  inches  by  4  inchesj,  16  feet  long,  for  frame. 
'}  pieces!,  1  inch  by  12  inc^hes,  16  feet  long  (rough),  for  floor 


Fig.  3.— Large  sizo  hop  cot. 


v     oi  lool  and  ends. 

"^1  X.,     -^  "^8  between  boards. 

'"  *Tith  floor,  door,  and  window  com- 

'yjL   iv.«ui.v.>o,  economy,  durability,  and  comfort  to 

'  ^client.     Where  it  is  desirable  to  keep  a  number  of 

^i  v;ierable.     The  small  cot  will  accommodate  from  three 

.IP  lorgro  «ot  i-mxr^  QOVeU  tO  nine. 
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Although  the  Wisconsin  Station  has  a  large  hog  house  with  feed 
room,  scales,  etc.,  the  cots  have  been  found  a  convenient  means  of 
enlarging  the  facilities  of  the  piggery.  Of  their  general  advantages 
Mr.  Fuller  says: 

With  the  cot  system  the  fanner  or  breeder  can  enlarge  his  accommodations  as  the 
size  of  his  herd  increases.  The  mud  and  vermin  which  are  sure  to  accumulate  around 
a  large  hog  house  can  easily  be  avoided  with  the  small  houses  and  by  occasionally 
moving  them  to  a  fresh  spot  of  ground.  Where  it  is  necessary  to  keep  only  a  few  hogs 
together,  or  where  several  animals  must  be  provided  with  separate  quarters,  the  cot 
becomes  an  indispensable  factor,  and  can  be  used  to  advantage  on  any  farm. 

PRESERVIirG  EGGS  IN  WATEE  GLASS « 

The  experiment  station  literature  and  other  published  results  of 
scientific  investigations  furnish  evidence  as  to  the  successful  use  of 
water-glass  solution  for  preserving  eggs,  and  this  literature  has  been 
referred  to  in  earlier  bulletins^  of  this  Department. 

As  noted  in  a  ])revious  bulletin  of  this  series^,  much  of  this  litera- 
ture is  summarized  by  R.  W.  Thatcher,  of  the  Washington  Agricul- 
tural Experiment  Station,  and  experiments  are  reported  in  which 
water-glass  solution,  a  brine  made  of  lime  and  salt,  and  a  commercial 
egg  preservative  were  tested.  In  these  experiments  eggs  kept  in 
good  condition  for  home  use  for  at  least  eight  months  when  pre- 
served either  with  the  water-glass  solution  or  with  the  lime  and  salt 
mixture,  but  considering  cost,  quality,  appearance,  flavor,  and  other 
characteristics,  Professor  Thatcher  prefers  the  water-glass  solution. 

Particular  interest  attaches  to  the  data  recently  published  by  J. 
Ilendrick,  of  the  l^niversity  of  Aberdeen,  as  he  examined  a  very 
large  number  of  eggs  preserved  in  water  glass  under  commercial  con- 
ditions and  also  made  special  studies  of  the  quality  and  composition 
of  eggs  thus  preserved  for  long  periods.  In  general,  the  preserved 
eggs  were  found  to  be  of  good  quality,  though  they  had  not  been 
preserved  under  the  best  conditions,  as  they  were  not  placed  in  the 
water-glass  solution  on  the  day  on  which  they  were  laid,  but  were 
collected  in  the  country  and  sent  into  town  in  large  lots  and  were 
two  or  three  days  old  before  preservation.  As  might  have  been 
expected,  some  of  these  eggs  were  bad,  but  the  proportion  was  not 
large.  In  one  instance  out  of  384  dozen  eggs  preserved  between 
Aj)ril  and  June  and  sold  between  October  and  December  only  5 
dozen,  or  1 .3  per  cent,  were  bad,  and  the  majority  of  these  were  broken 
or  cracked  eggs. 

Usually  the  eggs  which  were  preserved  in  water  glass,  according  to 
Professor  Ilendrick — 


o Compiled  from  Washington  Sta.  Bui.  71;  Jour.  Agr.  Sci.,2  (1907),  No.  I,p.l00. 
bll.  S.  Dept.  Agr.,  Farmers'  Buls.  103,  128,  and  273. 
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Have  a  nice  appearancH\  aft  the  sfaellB  are  very  clean  and  fresh  looking  alter  the  water 
glasH  it>  wiped  off  them.  Even  those  which  had  been  several  yeara  in  water  glasB  had 
a  fine,  fre^h  appeiiranco.  Another  advantage  of  preservation  in  water  glass  over  cer- 
tain other  methods  is  that  the  contents  of  the  egg  do  not  shrink  owing  to  evaporation. 
The  eggs  tluuetore  do  rn)t  rattle  when  shaken,  no  matter  how  old  they  are.  The  cost 
of  preservation  is  very  small. 

It  was  found  that  eggs  which  had  been  kept  in  water  glass  lor  a  few  months  could 
hardly  be  distinguishexi  in  appearance,  flavor,  and  smell,  either  raw  or  cooked,  horn 
what  are  called  ''  fresh  eggs' '—that  is.  fresh  eggs  in  the  oommercial  senae,  which  are 
egga  which  sliould  bo  free  from  decomposition  or  taint,  but  which  may  be  several 
days  old.  A  really  fresh  egg,  only  a  few  hours  laid,  is  easily  distingaicihed  in  flavor 
and  appearance  when  cooked  from  the  *' fresh  egg''  or  preserved  ^g,  and  is  known 
as  a  "new-laid''  egg.  The  eggs  which  had  been  preserved  in  water  glass  for  about 
six  months  tainted  and  smelled  like  well-kept  eggs  a  few  days  old.  As  the  eggs  in  ques- 
tion were  a  few  days  old  when  they  went  into  the  water  glass,  they  were  not  appre- 
ciably changed  to  my  eye  and  palate  by  a  few  months'  stay  in  water  glass. 

As  the  ^gs  get  older,  however,  a  distinct  change  lb  found  which  can  be  appreciated 
both  by  the  eye  and  palate.  Eggs  which  have  been  three  or  four  years  in  water  glass 
are  ea.sily  recognized.  The  white  becomes  pink  in  color  and  very  liquid.  The  egg 
acquires  a  slightly  peculiar  taste  which  *  *  *  suggested  soda.  At  the  same  time 
even  when  four  years  old  the  eggs  had  no  unpleasant  taste  or  smell,  and  the  white 
coagulated  in  tlie  usual  manner  in  cooking.  Though  there  was  a  slight  characteristic 
odor  when  the  eggs  were  cooked,  it  was  not  a  stale  or  bad  odor  and  did  not  suggest 
sidphureted  hydrogen.  The  changes  in  the  preserved  eggs  take  place  very  gradually. 
At  one  year  old  they  are  hardly  nt)ticeable;  at  two  years  they  are  distinct,  but  not  so 
distinct  as  at  three  or  four  years  old. 

To  further  test  the  effects  of  the  preserving  solution  fresh  eggs  and 
eggs  which  had  been  kept  in  water  glass  one  to  three  years  were  ana- 
lyzed and  it  was  found  that  there  was  practically  no  change  in  their 
composition  even  after  lengthened  immersion  in  the  solution.  Prac- 
tically no  silica  and  little,  if  any,  soda  found  their  way  into  the  e^:s. 
The  eggs  do  not  dry  up  and  there  is  scarcely  any  change  in  their  ash 
content,  though  they  contain  slightly  more  soda  than  fresh  eggs. 
''The  alkalinity  of  the  contents  of  the  eggs  appeared  to  increase  with 
the  length  of  time  they  were  in  water  glass,  but  the  increase  was 
small,  and  in  a  complicated  substance  like  egg  it  was  found  difficult 
o  measure  it  accurately."  "The  slight  alteration  in  the  flavor  of 
^ho  egg  anr   ^    ^^    iV  nVln**«s  of  hn  -"-hite  may  be  due  to  the  increase 


I'iposited  in  the  egg  shell  from 

•    '^n,  samples  of  shell  and  mem- 

'jattlyzed  and  it  was  found  that 

-  '^  ved  for  three  years  amounted  to 
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According  to  Professor  Hendrick,  the  sirup-thick  water  glass,  such 
as  is  used  after  proper  dihition  for  egg  preservation,  is  a  sodium  silicate. 
As  shown  by  his  analyses  it  does  not  contain  sufficient  soda  to  neu- 
tralize all  the  acid  present,  and  the  solution  is  strongly  alkaline  in 
reaction.  A  sample  of  sirup-thick  water  glass  contained  37.91  per 
cent  silica,  16.48  per  cent  soda,  and  0.14  per  cent  potash,  and  a  solu- 
tion prepared  for  preserving  eggs,  2.76  per  cent  silica,  1.20  per  cent 
soda,  and  0.01  per  cent  potash. 

On  the  whole,  Professor  Hendrick  regards  the  water-glass  solution 
as  one  of  the  most  popular  and  widely  used  preservatives  for  eggs. 
'^Though  this  method  was  introduced  only  comparatively  recently,  it 
has  largely  superseded  older  methods,  and  also  appears  to  have  led  to 
much  more  frequent  preservation  of  eggs  on  the  small  scale  in  house- 
holds and  by  small  traders.  The  method  is  simple  and  effective. 
The  eggs  are  obtained  when  they  are  plentiful  and  cheap  in  spring 
and  preserved  for  use  during  the  winter  months. ''  In  such  cases  it  is 
necessary  to  keep  them  for  about  six  months,  but  they  may  be  kept 
much  longer,  for  in  the  experiments  referred  to  above  some  were  left 
in  a  solution  of  water  glass  as  long  as  four  years  and  were  not  decayed. 

It  is  assumed  that  eggs  preserved  in  water  glass  will  be  so  labeled 
when  offered  for  sale. 

AMERIGAH  CAMEMBEBT  GHEESE.« 

The  genuine  Camembert  cheese  is  made  in  France,  particularly  in 
the  northwestern  i)art,  where  the  industry,  originating  a  little  over  a 
centiirv  ago  in  the  village  of  Camembert,  in  Ome,  and  shifting  soon 
into  Calvados,  has  reached  great  importance.  This  variety  of 
cheese  is  one  of  the  most  highly  esteemed  of  the  many  soft  kinds  and 
has  accordingly  been  imported  to  a  considerable  extent  into  the 
I'nited  States.  It  is  but  natural,  therefore,  that  in  keeping  with  the 
American  desire  to  produce  at  home  the  products  of  all  kinds  that  aie 
of  local  demand,  efforts  should  have  been  made  to manuf actm*e  cheese 
of  the  Camembert  type  in  this  country. 

lentil  recently  these  attempts  have  not  been  wholly  successful. 
For  about  three  years  this  Department  and  the  Connecticut  Storrs 
Station,  in  cooperation,  have  been  investigating  thoroughly  the  mak- 
ing and  ripening  of  Camembert  cheese,  and  in  an  earUer  number  of 
this  series^  has  already  been  noted  the  substance  of  a  preUminary 
report  on  this  work,  in  which  it  was  shown  that  the  principal  agents 
concerned  in  the  ripening  process  are  two  species  of  molds,  known 
technically  as  Penicillium  camemberti  and  Oidium  lacHs. 
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The  maniifacture  of  the  Camenibert  type  of  cheese  at  the  Con- 
necticut Storrs  Station  has  now  been  carried  on  sufficiently  long  and 
with  such  a  liigh  degree  of  success  that  efforts  to  establish  the  enter- 
prise on  a  commercial  basis  in  this  country  seem  abundantly  war- 
ranted. To  this  end  Director  L.  A.  Clinton  in  the  introduction  to  a 
recent  bulletin  annoimces  that  the  Connecticut  Storrs  Station  is  now 
prepared  to  assist  factories  and  individuals  in  making  this  type  of 
cheese,  and  Mr.  Theodore  IssajcfT  in  the  body  of  the  bulletin  describes 
the  plant  and  equipment  necessary  and  gives  directions  for  making 
the  cheese.  While  anyone  specially  interested  in  making  Camembert 
cheese  should  of  course  secure  a  copy  of  the  bulletin,"  nevertheless  a 
brief  outline  of  the  process  of  manufacture  as  given  in  it  and  which, 
it  may  be  mentioned,  differs  in  some  respects  from  that  employed  in 
France,  may  be  of  some  general  interest,  and  with  this  in  view  the 
following  points  are  noted : 

The  fresh  whole  milk  is  warmed  to  85°  F.,  and  a  starter,  preferably 
a  pure  culture  of  lactic-acid  bacteria,  is  added.  A  rather  high  degree 
of  acidity  (0.30  to  0.35  per  cent)  is  allowed  to  develop,  and  sufficient 
rennet  (about  8  to  10  cc.  per  100  pounds  of  milk  having  an  acidity  of 
0.3  per  cent)  is  then  added  to  the  milk  at  the  temperature  mentioned 
to  secure  the  desired  texture  of  the  curd  in  one  and  one-half  to  two 
hours.  The  curd  is  cut,  stirred  gently,  and  allowed  to  stand  for 
about  fifteen  minutes,  when  the  bulk  of  the  whey  is  removed.  After 
being  stirred  thoroughly  the  curd  is  dipped  into  galvanized-iron 
forms  or  hoops,  4  inches  in  diameter  and  5  inches  in  height  and  open 
at  both  ends.  They  rest  upon  a  mat  made  of  fine  bamboo  strips. 
The  cheeses  are  allowed  to  drain  naturally  for  foiu'  to  five  hours,  when 
they  are  inoculated  with  cultures  of  the  molds  mentioned  and  turned. 
The  next  morning  they  are  removed  from  the  forms  and  salted  by  rub- 
bing salt  on  the  surface.  When  the  curd  is  not  cut,  as  is  the  custom 
^n  France,  a  higher  acidity  of  the  milk  is  necessary  (0.40  to  0.45  per 
cent)  and  *»  longer  period  is  allowed  for  draining.  The  next  day 
if  tor  salt-.i^  '^-^  cheeses  are  tra"«^''^-rred  to  the  first  ripening  room, 
vh'nA  »-iy,  ^,  u'QrV  «o<^-iratec  >ith  moisture  and  kept  at  a  t^m- 
^^  '  Wh^.     ^iftp^d  on  boards  the  cheeses  are 

' •     B^^.--     v.-hIt  ^hey  are  wrapped  in  tin  foil 

-   ■   ■     ■  <Qiiol       nil    liLu  small  round  wooden  boxes, 

—     ••         •  •- '^  ^^^f"  «v>-'^nd  curing  room,  which 

-  '  '"  *•      M">  may  have  a  lower  per- 

:Iere  the  cheeses  remain 
,  -.  ..    ...  ,^      .-.  .,      ...  ..   ,1,  'n  the  best  condition  for 


.^K.y.  pv     i^i^-vl  ro^«ntly  as  Bulletin  98  of  the  Bureau  of 

•■^rvortTr.. 
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METHODS  OF  DESTROYING  Rffi p«p?lont 

o  experiments  prove  that 

-o  aiBenic,  it  may  sometimes  be 

INTROUKtive  poison.     Preparations  of  phos- 

-1^  often  too  weak  to  be  effective;  and 

The  brown  or  Norway  ^^^n  of  siifficieut  stren^h,  are  dangerous,  as 

pest  in  the  United  Stu^^its  into  walls  or  crannies  and  thus  cause  fires. 

to  many  niilhons^'^j^gp  reasons  the  Biological  Survey  does  not  recom- 

from  all  otlj/rations  containing  phosphorus. 

destructiveijj  ^he  Poultry  House. — For  poisoning  rats  in  buildings  and 

seminatnj^.(.jjp^,(|  i^.  poultry,  the  following  method  is  recommended: 

(iestruc^y^,()^l^,n  i)(»xes  should  be  used,  one  considerably  larger  than  the 

*'^t'r,  and  each  having  two  or  more  holes  in  the  sides  large  enough 

^"U  achnit  rats.     The  poisoned  bait  should  be  placed  on  the  bottom 

•    and  near  the  middle  of  the  larger  box,  and  the  .smaller  box  should 

then  be  inverted  over  it.     Rats  thus  have  free  access  to  the  bait,  but 

fowls  are  excluded. 

TBAPPIKa. 

Trapping,  if  persistently  followed,  is  one  of  the  most  effective 
methods  of  destroying  rats.  The  improved  modem  traps  with  a 
wire  fall  releas(»d  by  a  l>aited  trigger  and  driven  by  a  coiled  spring 
hav(»  marked  advantages  over  the  old  forms,  and  many  of  them  may 
he  usr'd  at  the  same  time.  These  traps,  sometimes  called  guillotine 
trapj^.  arc  of  many  designs,  but  the  more  simply  constructed  are  to  l)e 
preferrcil.  l^robably  those  made  entirely  of  metal  are  the  best,  as 
they  arc  l(»ss  likely  to  absorb  and  retain  odoi's. 

In  ilhistration  of  tlie  etfectiveness  of  traps,  it  may  be  related  that 
a  year  or  I  wo  ago  a  hirge  depai^tment  store  in  Washingtcm  expe- 
WcikhmI  lioavy  losses  of  gloves,  lace  curtains,  and  other  merchandise 
from  ral  (l('[)re(lations.  For  several  months  the  damages  amounted 
lo  from  $10  to  5^oO  nightly.  After  many  unsuccessful  attempts  to 
uhate  the  iniisaiice  the  managers  were  advised  to  try  the  improved 
n':i|)-.  As  a  n'sult  VM)  rats  were  killed  during  the  first  twenty 
iii^^liis,  when  the  losses  practically  ceased,  and  the  method  has  been 
continued  in  the  store  ever  since  with  satisfactory  results. 
\  Guillotine  traps  should  be  baited  with  small  pieces  of  Vienna 
-au^agc  (Wienerwurst)  or  bacon.    The  trigger  wire  should  be  bent 
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the  straw  and  brush  are  thrown  out  over  the  top  while  dogs  and  men 
kill  the  trapped  rodents.  Large  numbers  are  killed  in  this  way,  and 
tho  plan  with  modifications  may  be  utilized  in  America  with  satis- 
factory results.  A  wire  netting  of  jBne  mesh  may  be  used  for  the 
inclosure.  The  scheme  is  applicable  at  the  removal  of  grain,  straw, 
or  hay  stacks,  as  well  as  brush  piles. 

FUMIGATION. 

Hats  may  be  destroyed  in  their  burrows  in  the  fields,  and,  still  more 
important,  in  levees  and  rice-field  dikes,  by  the  use  of  carbon  bisul- 
phid.  A  wad  of  cotton  or  other  absorl)ent  material  is  saturated  with 
tlie  liquid  and  pushed  into  the  burrow,  the  opening  being  packed  with 
soil  to  prevent  escape  of  the  gas.  All  animals  in  the  burrow  are 
asphyxiated.  Fumigation  about  buildings  is  not  so  effective,  as  the 
gas  can  not  readily  be  confined. 

EAT-PROOF  CONSTRUCTION. 

The  best  way  of  excluding  rats  from  buildings,  whether  in  the 
city  or  country,  is  by  the  use  of  cement  in  construction.  As  the 
advantages  of  this  material  are  coming  to  be  generally  understood, 
its  use  is  rapidly  extending  to  all  kinds  of  building.  Dwellings, 
dairies,  barns,  stables,  chicken  houses,  ice  houses,  bridges,  dams, 
silos,  tanks,  cisterns,  root-cellars,  hotbeds,  sidewalks,  and  curbs  are 
now  often  made  wliolly  of  concrete.  In  constructing  dwelling  houses 
the  additional  cost  of  making  the  foundations  rat-proof  is  slight  as 
compared  with  tlie  advantages.  The  cellar  walls  should  have  con- 
crete footings  and  the  walls  themselves  be  laid  in  cement  mortar. 
The  cellar  floor  should  be  of  "  medium  "  rather  than  '*  lean  "  concrete, 
and  all  water  and  drain  pipes  should  be  surrounded  with  concrete. 
Even  an  old  cellar  may  be  made  rat-proof  at  comparatively  small 
(expense.  Rat  holes  may  be  permanently  closed  by  a  mixture  of 
cement,  sand,  and  broken  glass  or  sharp  bits  of  stone. 

Rat-proof  granaries,  corncribs,  and  poultry  houses  may  be  con- 
structed by  a  liberal  use  of  concrete  in  the  foundations  and  floors. 

Rats,  mice,  and  sparrows  may  be  excluded  from  corncribs  by  the 
use  of  either  an  inner  or  an  outer  covering  of  fine-mesh  wire  netting 
sufficiently  heavy  to  resist  the  teeth  of  rats. 

The  conmion  custom  of  setting  corncribs  upon  posts  with  inverted 
]>ans  at  the  top  often  fails  because  the  posts  are  not  long  enough  to 
insure  that  the  lower  cracks  of  the  structure  are  beyond  jumping 
reach  of  rats.  The  posts  should  project  at  least  3  feet  above  the 
surface  of  the  ground. 
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NATTJEAL  ENEMIES  07  SATS. 

The  value  of  carnivorous  mainmals  and  the  larger  birds  of  prey 
in  destroying  rats  should  Ix?  more  fully  recognized,  especially  by  the 
fanner  and  the  game  preserver.  Chief  among  the  animals  that 
are  useful  in  destroying  these  rodents  are  the  fox,  skunk,  and  weasel, 
and  the  larger  species  of  owls  and  hawks.  Rats  destroy  more  poultry 
and  game,  both  eggs  and  young  chicks,  than  all  the  birds  and  wild 
manunals  named  combined,  yet  some  of  our  most  useful  birds  of  prey 
and  carnivorous  manunals  tire  ])ei'secuted  almost  to  the  point  of  ex- 
tinction. An  enlightened  public  sentiment  should  cause  the  repeal  of 
all  bounties  on  these  animals  and  afford  protection  to  the  majority 
of  them. 

CONCLXJSIONS. 

By  the  persistent  use  of  traps,  occasional  resort  to  poison,  and  the 
exercise  of  forethought  in  the  construction  of  farm  buildings  so  as 
to  minimize  the  opportunities  for  harborage,  farmers  and  others  may 
prevent  the  greater  part  of  the  loss  and  annoyance  they  now  exi>eri- 
enwi  from  rat  depredations.  The  same  statement  applies  in  great 
measure  to  city  and  village  conditions.  Hence  cooperation  in  the  war- 
fare on  rats  is  particularly  important  and  can  not  be  too  strongly 
urged. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  op  Agricultube, 

Office  of  Experiment  Stations, 

Washington,  D.  C,  May  6, 1907, 

Sir:  Believing  that  it  constitutes  a  useful  summary  of  data  on  the 
subject,  I  have  the  honor  to  transmit  herewith  and  recommend  for 
publication  as  a  Farmers'  Bulletin  a  report  on  the  uses  of  com  and 
com  products  as  food,  by  Charles  D.  Woods,  director  of  the  Maine 
Agricultural  Experiment  Station,  who  has  long  been  associated 
with  the  Office  of  Experiment  Stations  in  its  cooperative  nutrition 
investigations. 

Studies  of  the  nutritive  value  of  com  and  com  products,  particu- 
larly those  carried  on  at  the  Maine  and  Minnesota  experiment  stations 
and  at  Teachers'  College,  Columbia  University,  have  formed  an 
important  part  of  the  cooperative  nutrition  investigations  of  this 
Office. 

The  special  questions  studied  have  included  the  digestibility  of 
different  sorts  of  com  bread  and  other  corn-meal  dishes,  the  digesti- 
bility of  hominy,  com  breakfast  foods  and  green  com,  the  relative 
nutritive  value  of  com  meal  ground  in  different  ways,  and  the  culinary 
quaUties  and  methods  of  manipulating  old-fashioned  and  modem 
com  meal  in  order  to  secure  uniform  results.  The  data  summarized 
from  these  investigations,  from  miscellaneous  bulletins  and  reports 
of  the  agricultural  experiment  stations,  and  other  sources,  make  it 
plain  that  com  meal  is  one  of  the  most  important  food  cereals  when 
judged  by  its  composition,  digestibility,  wholesomeness,  palatability, 
and  relative  economy  as  a  source  of  nutritive  material. 

Acknowledgment  should  be  made  to  Miss  Helen  W.  Atwater  for 
assistance  in  compiling  and  arranging  the  data  presented. 

llespectfiillv, 

A.  C.  True, 

Director. 

Hon.  Jamks  Wilson, 

Secretary  of  Agriculture. 
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CORN  AND  CORN  PRODUCTS  AS  FOOD. 


INTRODUCTION. 

The  tall  vigorous  cereal  plant  known  as  maize,  or  Indian  com,  is  a 
native  of  the  Western  Hemisphere,  and  has  been  cultivated  throughout 
the  warmer  regions  of  the  Americas  for  twenty  centuries  or  more.  It 
has  been  claimed  often  that  it  is  also  indigenous  to  the  Old  Worid,  but 
there  is  no  warrant  for  this  belief,  though  it  has  been  grown  in  parts  of 
Europe  in  which  the  climate  is  particulariy  favorable  ever  since 
Columbus  brought  the  seed  from  the  West  Indies.  It  has  also  long 
been  grown  by  the  Arabs  of  northern  and  the  Kafirs  of  southern 
Africa,  and  is  a  staple  crop  throughout  vast  regions  of  the  African  con- 
tinent, as  well  as  of  southern  and  central  Asia,  China,  and  Australia. 
To  attain  its  best  development,  com  needs  both  warmth  and  abimdant 
sunshine,  and  so  the  cUmate  of  the  northern  regions  of  Europe  is 
unsuited  to  its  cultivation  and  it  is  there  grown  mainly  for  forage,  any 
grain  that  reaches  maturity  being  inferior  in  quality  and  little  esteemed 
for  human  food. 

Following  the  potato  famine  of  1847,  an  effort  was  made  to  intro- 
duce Indian  com  into  Ireland,  and  it  has  since  been  considerably  eaten 
there,  principally  in  the  form  of  porridge,  or  "stirabout;"  otherwise 
it  can  hardly  be  ranked  as  an  important  foodstuff  in  Great  Britain, 
except,  perhaps,  in  the  dietaries  of  some  of  the  public  institutions, 
where  it  replaces  more  expensive  cereals.  In  the  Mediterranean  and 
Balkan  regions,  however,  where  conditions  are  more  favorable,  its  easy 
cultivation  and  abundant  yield  have  made  it  one  of  the  principal  food 
crops.  It  has  been  estimated  that  Indian  com,  or  Turkish  com,  as  it 
is  quite  commonly  known  in  Italy,  forms  the  main  food  for  two-thirds 
of  the  rural  population  of  that  country. 

Its  importance  in  America  may  be  gathered  from  its  name. 
Whereas  in  English-speaking  regions  of  Africa  it  is  known  as  mealies, 
and  in  Europe  as  maize,  a  name  said  to  be  derived  from  that  originally 
used  in  the  West  Indies,  in  America  it  has  usurped  the  name  com, 
which  in  Great  Britain  still  refers  to  any  grain  regardless  of  kind. 
The  fact  that  we  sometimes  modify  this  to  Indian  com  is,  of  course,  a 
recognition  of  its  origin. 

The  prevalent  opinion  is  that  com  was  native  to  Central  America  and 
Mexico,  and  that  it  passed  through  the  same  stages  of  cultivation  and 
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dissemination  which  other  important  food  plants  have  known.  The 
Maya  tribes,  the  relics  of  whose  civilization  are  very  old,  cultivated  com, 
and  it  appears  as  the  symbol  of  religion  and  prosperity  in  their  art  just 
as  do  other  cereals  in  the  early  art  of  the  Eastern  Hemisphere.  From 
the  Mayas  its  cultivation  spread  throughout  northern  and  western 
South  America,  the  West  Indies,  and  a  great  part  of  North  America,  and 
traces  of  com  have  been  found  in  the  prehistoric  mounds  of  Ohio,  in 
the  cliff  dwellings  of  the  Southwest,  and  in  Peruvian  miunmy  pits. 

The  grain  kept  from  decay  and  destruction  by  the  great  dryness  of 
many  of  these  prehistoric  burial  places  differs  little,  if  at  all,  from 
varieties  grown  to-day.  The  stories  often  repeated  of  the  raising  of 
plants  from  such  com,  or  from  the  grain  foimd  in  Egyptian  tombs, 
are  without  foundation,  as  the  life  of  the  germ  is  not  prolonged  indefi- 
nitely, even  under  favorable  conditions,  though  the  chemical  nature 
of  the  grain  may  remain  practically  unchanged. 

By  the  time  European  travelers  penetrated  into  the  New  World, 
com  was  cultivated  by  all  but  the  most  northern  and  western  tribes  of 
North  American  Indians.  When  Cartier  ascended  the  St.  Lawrence 
he  found  fields  of  it  where  Montreal  stands  to-day.  Hariot,  in  his 
account  of  the  Virginia  Colony,  published  in  1588,  writes  of  maize  as 
follows:  "The  graine  is  about  the  bignesse  of  our  ordinary  English 
peaze,  and  not  much  different  in  forme  and  shape,  but  of  divers  colours ; 
some  wliite,  some  red,  some  yellow,  and  some  blew.  All  of  them 
yeelde  a  very  white  sweete  flowre;  being  used  according  to  his  kind, 
it  maketh  a  very  goode  bread. " 

The  early  chronicles  of  Virginia  contain  many  descriptions  of  the 
cultivation  of  com,  beans,  pumpkins,  and  other  plants  by  the  Indians; 
and  in  very  early  times  in  the  Jamestown  colony  Indian  prisoners 
were  forced  to  teach  the  English  settlers  how  to  plant  and  till  this 
grain.  An  early  chronicle  of  the  Plymouth  settlement  told  how,  in 
the  dreadful  winter  of  1620-21,  the  colonists  bought  "eight  hc^s- 
heads  of  come  and  beanes''  from  their  Indian  neighbors,  and  in  tiie 
following  spring  learned  from  a  friendly  red  man  "bothe  ye  manner 
how  to  set  it  and  after  how  to  dress  and  tend  it.'*  For  a  time  it  was 
the  principal  breadstuff  in  the  American  colonies.  Little  by  little, 
however,  as  wheat  and  other  cereals  became  acclimatized  these  sup- 
planted it  among  the  well  to  do,  though  it  has  never  passed  entirely 
out  of  us(^  in  any  section  of  the  United  States,  and  in  some  districts, 
l)articularly  in  the  South  and  Southwest,  it  is  still  a  staple  cereal 
grain. 

According  to  the  census  of  1900,  almost  a  third  of  all  the  land  under 
cultivation  in  the  United  States  was  devoted  to  com.  It  was  grown 
on  88.6  per  cent  of  all  the  farms  in  the  country,  and  the  crop  for  1889 
was  valued  at  $828,258,326.     Wheat,  the  next  most  important  crop, 


occupied  only  18.1  per  cent  of  the  cultivated  land,  and  was  valued  at 
$309,573,528.  Of  course  these  figures  do  not  represent  the  relative 
importance  of  the  two  grains  as  human  food,  for  while  practically  all 
the  wheat  is  used  in  that  way,  either  at  home  or  in  those  countries  to 
which  it  is  exported,  the  greater  part  of  the  com  crop  is  used  for  feed- 
ing stock  or  as  raw  material  in  several  important  manufacturing  indus- 
tries. A  better  idea  of  its  importance  as  human  food  may  be  gained 
from  a  recent  compilation  of  American  dietary  studies  made  with 
many  families  in  different  parts  of  the  country.  Among  72  families 
in  comfortable  circumstances  com  preparations  furnished  on  an  aver- 
age 1.6  per  cent  of  the  total  food;  among  161  families,  mostly  foreign- 
ers in  the  congested  districts  of  large  cities,  only  0.3  per  cent;  among 
Tennessee  and  Georgia  mountaineers,  23  per  cent,  and  among  southern 
negroes  32.5  per  cent.  These  figures  refer  only  to  the  meals,  flours, 
and  similar  preparations  made  from  the  ripe  dried  grains. 

^Tiile  meal,  hominy,  and  similar  products  are  the  principal  com 
foods,  there  are  a  number  of  others  of  much  importance.  The  unripe 
ears,  especially  of  certain  sweet  varieties,  are  a  favorite  vegetable  on 
American  tables,  and  pop  com  is  a  typical  American  food  product  of 
which  the  total  amount  consumed  is  very  large.  The  roasted  kernels 
of  ordinary  com  are  sometimes  used  as  a  substitute  for  coffee,  and 
apparently  form  a  part  of  some  of  the  mixtures  conmionly  sold  as  cof- 
fee substitutes.  Starch,  glucose,  gluten,  and  oil  are  also  made  from 
corn;  and  these  and  other  important  com  products  will  be  discussed 
in  later  sections. 

From  an  agricultural  standpoint,  com  is  of  the  utmost  importance, 
and  this  might  be  known,  if  for  no  other  reason,  from  the  fact  that 
there  is,  perhaps,  not  one  of  the  agricultural  experiment  stations,  es- 
tablished in  every  State  and  Territory,  which  has  not  studied  some 
phase  of  the  com  question,  either  methods  of  cultivation,  improve- 
ment of  varieties,  composition,  feeding  value  for  farm  animals,  or 
importance  as  a  food  for  man.  The  State  departments  of  agriculture 
and  like  organizations  have  also  carried  on  much  work  of  a  similar 
nature.  The  importance  of  com  as  an  article  of  diet  has  been  taken 
up  especially  at  the  Maine  and  the  Minnesota  experiment  stations. 
The  Department  of  Agriculture,  and  particularly  the  Bureau  of  Chem- 
istry,"  have  also  been  large  and  important  contributors  to  our  knowl- 
edge of  the  composition  and  uses  of  com  and  com  products. 

As  regards  the  preparation  of  com  for  the  table  the  literature  is  very 
considerable,  almost  every  cookbook  and  journal  of  cookery  contain- 
ing recipes  for  corn  dishes,  while  several  such  books  are  devoted 
exclusively  to  com  and  corn  products. 

oU.  S.  Dept.  Agr.,  Bureau  of  Chemistry  BuL  13,  pt.  9,  and  Bui.  50;  The  food  value 
of  maize,  etc.,  in  Report  on  the  Use  of  Maize  (Indian  com)  in  Europe  (U.  S.  Dept. 
Agr.,  Spec.  Rpt.  1891). 
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FOOD  VALUE  OF  COEH. 

The  food  value  of  com  and  its  products,  as  compared  with  each 
other  and  with  other  food  materials,  of  course  depends  mainly  on  the 
amount  of  nutritive  materials  or  nutrients  which  the  digestive  organs 
can  extract  for  the  use  of  the  body.  Besides  the  water  found  in  all 
food  materials,  even  those  which  are  apparently  perfectly  dry,  the 
actual  nutrients  are  grouped  in  four  classes:  (1)  Protein  or  nitrog- 
enous material;  (2)  fat;  (3)  carbohydrates,  including  starches, 
sugars,  and  the  very  indigestible  constituents  known  as  crude  liber 
or  cellulose;  and  (4)  mineral  matters  or  ash.  The  two  functions 
of  the  food  are  to  furnish  material  for  the  building  up  and  repair  of 
body  tissue  and  to  supply  energy  for  muscular  work  and  body  heat. 
Protein,  fats,  and  carbohydrates  alike  can  yield  energy,  but  since 
only  protein  can  servo  for  the  necessary  tissue  building,  this  is  usually 
considered  its  main  function  and  the  fats  and  carbohydrates  are 
relied  on  to  furnish  most  of  the  energy.  All  the  changes  which  com 
or  other  food  undergoes  in  being  prepared  for  eating  are  intended 
mainly  to  add  to  its  palatability  and  get  it  into  a  form  in  which  the 
nutrients  can  be  most  easily  and  completely  utilized  by  the  body. 

STBUCTUBE  AND  COMPOSITION. 

Although  the  stalk  and  leaves  are  important  cattle  feeds,  only  the 
keniels  of  corn  arc  ordinarily  used  for  human  food.     They  grow  in 

double  rows  along  a  woody  cob,  from 
which  they  are  easilj'-  shelled  when  ripe. 
The  color  of  the  skin  may  be  white, 
yellow,  red,  purplish  blue,  or  a  com- 
bination of  these,  according  to  variety. 
They  are  all  either  white  or  yellow  in- 
side and  differ  little  on  an  average  save 
in  color.  The  kernel  or  seed,  it  must 
b(>  remembered,  is  not  inert,  but  a  liv- 
ing thing,  which  under  favorable  condi- 
tions will  develop  into  a  new  plant,  and 
each  part  of  it  is  made  up  of  cells  es- 
pecially fitted  for  a  particular  r61e  in 
this  ])rocess  of  reproduction.  Roughly 
speaking,  the  seed  consists  of  three 
main  divisions:  The  skin,  the  germ,  and 
the  endosperm  (see  fig.  1).  The  skin, 
which  makes  about  6  per  cent  of  the 
weight  of  the  seed,  holds  the  whole 
together  and  protects  the  delicate  interior  parts.  It  is  made  up  princi- 
pally of  tough  cellulose  or  crude  fiber  with  some  mineral  matters 
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embedded  in  it.  The  germ  is  larger  in  corn  than  in  most  cereals,  and 
forms  in  average  com  about  10  per  cent  by  weight  of  the  grain,  whereas 
in  wheat  it  is  only  6  or  7  per  cent.  It  contains  the  embryo  from  which 
the  new  plant  will  develop  under  favorable  conditions.  The  endo- 
sperm constitutes  about  84  per  cent  by  weight  of  the  grain,  and  rep- 
resents the  food  which  the  parent  plant  has  stored  for  the  early 
growth  of  the  new  plant.  In  the  germ  and  endosperm,  the  cellulose 
walls  of  the  cells  are  very  much  thinner  than  in  the  skin,  and  sur- 
roimd  a  network  of  nitrogenous  material  called  protoplasm  in  which 
the  life  of  each  cell 
seems  to  reside. 
The  food  materials 
which  the  plant 
has  stored  for  fu- 
ture use  lie  in  the 
meshes  of  this  pro- 
toplasmic network, 
together  with  some 
moisture;  in  the 
germ  much  of  the 
stored  material  is 
fat  and  mineral 
matters.  In  the 
outer  layers  of  the 
endosperm  (see  fig. 
2),  there  are  stored 
grains  of  a  protein 
substance  known  as  aleurone,  and  in  the  inner  portions  are  found 
quantities  of  tiny  starch  grains  with  small  amounts  of  protein  and 
mineral  matter.  Table  1,  taken  from  analyses  made  at  the  New 
»f(»rsey  Agricultural  Experiment  Station,  shows  how  these  constituents 
are  distributed  throughout  the  grain,  the  data  being  expressed  on  a 
wator-frro  l)asis. 


Fig.  2.— Cellular  structure  of  a  grain  of  com:  a.  skin;  b,  endosperm 
consisting  of  (c)  aleurone  cells  and  (d)  starch  cells;  «,  membrane. 


Table  ^.  -Com  posit  io7i  of  different  portions  of  a  grain  of  com. 


Propor- 

1  original 
grain. 

I'frcent. 

100.0 

5. 6 

Water. 

Per  cent. 
24.7 
15.3 
29.6 
24.7 

Protein. 

In  wator-fn«e  ma 

!     Totnl  01 
dra 

terial. 

rortion  of  corn  k 

irbohy- 
tes. 

Mineral 

Fat. 

SUrch,  ;    p„,^ 

i 

matters. 

Wh.>l..krrn.'l 

Skin 

Per  cent. 

12.7 

6.6 

21.7 

12.2 

Per  cent. 

4.3 

1.6 

29.6 

1.5 

Per  cent. 
79.3 
74.1 
44.7 
85.0 

Per  cent.  \  Per  cent. 
2.0              1.7 
16.4               1.3 

(lomi           

10. 2 

2.9               1.1 

En(Josj)enii 

84.2 

.6                 .7 

_ 

1 
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From  these  figures  it  may  be  calculated  that  61  per  cent  of  the  callu- 
lose  of  the  grain  is  found  in  the  skin,  65  per  cent  of  the  fat  and  about 
16  per  cent  of  the  protein  in  the  germ,  90  per  cent  of  the  starch  and  84 
per  cent  of  the  protein  in  the  endosperm. 

Grain  of  any  kind  is  hygroscopic — i.  e.,  has  the  power  of  absorbing 
water  from  the  air — and  the  amount  of  moisture  in  it  varies  according 
to  the  climate  and  other  conditions  under  which  it  is  grown  and 
stored.  The  proportion  of  nutrients  in  different  varieties  of  the 
same  species  also  differs  considerably,  being  influenced  by  the  selec- 
tion of  seed,  the  method  of  cultivation,  the  season,  and  other  factors. 
The  figures  in  the  following  table  were  prepared  from  many  analyses 
and  represent  the  average  composition  of  the  whole  grains  of  com  and 
other  common  American  cereals  as  ordinarily  found  in  the  market. 

Table  2. — Average  compo9ition  of  cereal  grains. 


Total  carbohy- 
drates. 


Kind  of  cereal. 


Water.      Pn)tpln. 


Fat. 


Starch, 
sugar. 


Indian  com 10. 8  i 

Barley 10.9 

Buckwheat 12. 6 

Kjiflr  com 12. 5  i 

Oats I  11.0  ' 

Klf<« 12.0 

Rye 10.5 

Wheat 10.  (i 


Per  cent.   Per  cent.   Per  cent. ,  Per  cent. 


10.0 
11.0 
10.0 
10.9 
11.8 
8.0 
12.2 
12.2 


4.3  ! 
2.3  , 
2.2  I 
2.9  I 
5.0 
2.0 

1.6  I 

1.7  . 


71.7 
69.5 
64.6 
70.5 
50.7 
76.0 
71.8 
71.3 


Crude 
fiber. 


,  Mineni 
matten. 


Fuel 

▼alueper 

pound. 


Percent. 

Percent. 

CalorUt. 

1.7 

1.6 

1,800 

3.8 

2.6 

1,735 

8.7 

2.0 

1,600 

1.0 

1.3 

1,630 

0.6 

3.0 

1  720 

1.0 

1.0 

1720 

2.1 

1.0 

1,740 

2.4 

1.8 

1,760 

As  far  as  these  figures  show,  the  average  water  content  of  these 
cereals  is  almost  the  same,  ranging  from  10  to  12  per  cent.  Com 
on  an  average  contains  10  per  cent  protein,  which  is  about  2  per  cent 
less  than  the  average  rye  or  wheat  contains,  but  2  per  cent  more  than 
the  average  rice.  Its  fat  amounts  to  4.3  per  cent,  or  about  the  same 
proportion  as  is  found  in  oats  and  over  tw^ice  as  much  as  in  most  of 
the  other  grains.  In  the  proportion  of  starch  they  contain,  com,  wheat, 
and  r5^e  are  practically  the  same,  and  surpass  all  the  other  common 
grains  except  rice.  The  cellulose  content  of  com  is  smaller  than 
that  of  any  of  the  other  cereals  except  rice,  and  it  also  contains  a 
comparatively  small  proportion  of  mineral  matters. 

Though  the  j)rop()rtions  of  the  several  nutrients  in  com  and  other 
coiunioii  cereals  are  much  the  same,  the  individual  compoimds"  mak- 
ing up  these  groups  differ  considerably.  An  shown  by  extended 
studies  at  the  Connecticut  State  Station,  zein  is  the  typical  proteid 

"  For  dLscussion  of  the  proporti^'s  of  corn  protoids,  stn.'  (V)imecticut  State  Sta.  Rpts. 
1891,  p.  I'M);  18IM),  p.  :VM.  Data  rogiirding  fat  are  puininarized  in  Ann.  Rpt.  Ohio 
Dairy  and  Food  (.'onir.,  21  (^lOOG;.  p.  18,  and  of  carbohydrates  in  U.  S.  Dept.  Agr. 
Bureau  of  CLemietry  Bui.  13,  pt.  9. 
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of  maize,  and  it  differs  in  its  properties  considerably  from  the  gluten 
of  wheat  or  the  proteids  of  other  cereal  grains.  The  fat  of  com  has 
a  different  chemical  composition  from  that  of  wheat  or  other  grains, 
and  the  ash  also  is  characteristic. 

There  is  known  to  be  some  variation  in  the  number  and  kind  of 
starches,  sugars,  cellulose,  and  other  bodies  included  under  the  head- 
ing *' Carbohydrates,^'  which  occur  in  com  and  other  cereals,  but  it  is 
generally  believed  that  the  bodies  like  starch  which  occur  in  the  dif- 
ferent plants  have  the  same  percentage  composition.  In  si^e,  appear- 
ance, the  distribution  of  the  concentric  layers  making  up  the  granule, 
the  readiness  with  which  the  starch  absorbs  water  and  is  acted  upon 
b}"  ferments,  and  in  other  properties,  starch  grains  occurring  in  differ- 
ent cereals  exhibit  considerable  variations.  The  starch  granules  of 
com  resemble  those  of  oats  somewhat  in  appearance,  but  are  larger. 

Fat,  when  burned  in  the  body,  gives  off  2.25  times  as  much  heat 
as  carbohydrates  and  protein,  and  com,  which  contains  relatively 
large  proportions  of  both  fat  and  carbohydrates,  has  a  comparatively 
high  fuel  or  energy  value.  The  points  in  which  the  chemical  composi- 
tion of  corn  is  superior  to  the  other  common  cereals,  then,  are  its  rich- 
ness in  fat  and  starch  and  its  small  content  of  crude  fiber.  Its  deficien- 
cies lie  in  the  small  quantities  of  protein  and  mineral  matters.  The 
quality  of  its  protein  is  less  desirable  for  bread  making  than  that  of 
wheat  and  rye,  as  will  be  discussed  later  (see  p.  17). 

MILLING. 

Occasionally  whole  grains  of  corn  are  used  for  human  food,  as  in 
parched  com,  pop  com,  etc.,  but  as  a  rule  it  is  found  preferable  to 
break  them  up  more  or  less  before'cooking.  The  Indians  ground  com 
between  two  flat  stones  or  pounded  it,  sometimes  parching  it  before- 
hand. Another  simple  method,  employed  by  the  pioneer  settlers, 
was  to  grate  the  newly  ripened  ears  on  a  coarse  grater,  and  many 
persons  still  maintain  that  in  this  w^ay  the  best  flavor  of  the  grain  is 
obtained. 

Before  the  development  of  railways  and  elaborate  milling  machin- 
ery each  community  had  its  mill,  usually  by  a  stream,  and  here 
all  the  grain  of  the  neighborhood  was  ground.  The  com  was  simply 
crushed  between  the  grooved  millstones  to  the  desired  fineness.  If 
the  meal  was  intended  for  human  food,  the  coarse  particles  of  skin 
or  bran  wore  usually  bolted  out,  though  this  was  often  done  at  home 
instead  of  at  the  mill.  Nowadays  cereals  of  all  sorts  are  shipped  from 
many  districts  to  central  mills  in  wliich  compUcated  machinery  grinds 
the  grain  much  more  carefully  than  was  possible  fifty  years  ago,  and 
although  the  milling  of  corn  is  not  as  elaborate  as  that  of  wheat,  it  is 
no  longer  a  simple  process  of  crushing.     To  begin  with,  the  grain  is 
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usually  kiln  dried  (see  p.  28),  a  process  which  hinders  decay  by 
lessening  the  vitality  of  molds  and  decay-producing  bacteria,  if  they 
are  present,  and  by  driving  oflF  the  water,  without  which  such  minute 
forms  of  life  can  not  grow.  Drying  the  grain  also  makes  the  skin 
separate  more  readily  from  the  grain,  and  its  removal  before  grinding 
is  an  advantage,  since  the  skin  consists  largely  of  indigestible  cellulose, 
which  renders  the  meal  coarse  and  rough  without  adding  much  to  the 
food  value.  The  germ  lowers  the  keeping  quality  of  the  meal  because 
its  abundant  fat  easily  becomes  rancid,  and  now  it  is  usually  removed 
before  the  grain  is  ground.  A  machine  known  as  the  "degerminator '* 
loosens  both  skin  and  germ,  which  are  then  easily  bolted  out,  and  the 
remaining  endosperm  is  ground  alone  and  bolted  and  purified  by 
means  of  air  currents.  The  offal  removed  consists  of  the  hull,  germ^ 
floury  particles,  and  some  of  the  flinty  portion  of  the  com,  and  con- 
stitutes 30  to  35  per  cent  of  the  entire  weight  of  the  grain.  Meal 
from  such  degerminated  grain  is  commonly  called  '^granulated  com 
mear*  and  has  almost  replaced  the  old-fashioned  kind  for  human 
food  in  the  North,  although  the  latter  is  still  very  popular  in  the 
Southern  States.  Both  kinds  are  made  in  varying  degrees  of  fineness. 
Very  finely  ground  and  bolted  com  meal  is  known  as  com  flour,  and 
is  made  from  both  yellow  and  white  corn. 

Wliile  meal  is  the  form  in  which  com  is  best  used  for  bread  making, 
the  less  fmely  ground  products,  such  as  hominy  and  samp,  are  often 
preferred  for  porridge.  The  use  of  these  terms  is  very  uncertain  and 
confusing.  In  colonial  days  in  New  England,  samp  designated  the 
kernels  of  freshly  harvested  corn,  but  this  use  has  now  disappeared. 
In  some  parts  of  the  country,  the  kernels  which  have  been  simply 
crushed  sufficiently  to  loosen  the  'hulls  are  known  as  samp,  and 
those  which  have  been  crushed  into  bits  not  much  larger  than  mustard 
seeds  are  called  hominy,  but  in  other  sections  the  names  are  exactly 
reversed,  while  in  many  regions  all  such  com  preparations  are  called 
hominy.  The  germ  and  skin  are  now  usually  removed  in  preparing 
these  products,  and  tlieir  cliemical  composition  is  not,  therefore,  the 
same  as  that  of  the  original  grain.  How  this  varies  may  be  seen 
from  Table  3,  which  gives  analyses  of  corn  prepared  in  different  ways. 
The  corn  meals,  both  bolted  and  unbolted,  were  simply  crushed, 
while  the  granular  meals,  hominy  and  samp,  were  "  degerminated  " 
before  grinding. 
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Table  3. — Average  compoHtion  of  com  products  and  wheat  JUmr. 


Kind  of  material. 


Corn,  whole  grain,  average 

Com  with  low  protein  content . 
Com  with  high  protein  content. 

Com,  white 

Com,  yellow 

Sweet  com  (matiin»d) 

Pop  com 

Hominy,  fine 

Samp,  coarse 

Com  meaKwhole  grain  ground), 

unbolted 

Com  meal(wholograinground), 

bolted 

Com  meal,  granulated 

Com  flour,  i.  e.,  finely  ground 

and  bolted  com 

Com  starch 

Liquid  glucose  (for  table  use) . 

Com  oil 

Wheat  flour 


Water. 


Per  cent. 

las 
ia5 
las 

11.4 
11.9 
&8 

la? 

11.0 

las 

12.0 

12.0 
12.5 


16.0 


I 


Protein. 


Per  cent. 

lao 

&0 
12.9 

las 
la? 

1L6 
11.2 
9.4 
&3 


a? 


&9 
9.2 


7.1 


Fat. 


Percent. 
4.3 

as 

4.4 

5.0 

4.8 

ai 

5.2 
.7 
.5 

4.x 

4.9 
L9 

L3 


loao 

L3 


Carbohydrates. 


Starch, 

sugar, 

etc. 


Crudo 
fiber. 


Per  cent. 

71.7 

7a  5 

7a  8 

eas 
6a9 

6<18 
09.6 

7a  2 

79.4 

71.1 

72.0 
74.4 

77.5 

9ao 

83.5 


Per  cent. 
1.7 


2L5 
2L2 
2.8 
1.8 
.4 
.7 


2.2 


L2 
1.0 


Mineral 
matters. 


Per  cent. 
L6 
1.2 
1.4 
L6 
1-5 
1.9 
L5 
.3 
.3 

L3 

1.0 
1.0 


The  values  given  in  the  table  for  com  of  low  and  of  high  p 
content  show  that  there  may  be  a  considerable  range  in  th< 
portions  of  the  different  nutrients  present.  Such  variation 
due  to  cultural  varieties,  to  methods  of  cultivation,  seed  sele 
and  other  similar  factors,  and  are  noted  in  com  of  all  types, 
influence  of  different  factors  on  the  protein  content  has  been  st 
at  the  Illinois,  Minnesota,  Kansas,  and  other  agricultural  e 
ment  stations  with  the  object  of  breeding  varieties  of  com 
are  especially  rich  in  nitrogenous  constituents,  and  this  wor 
been  attended  with  considerable  success. 

As  the  average  figures  show  there  is  no  appreciable  differei 
the  composition  of  white  and  yellow  com,  the  variations 
have  been  noted  being  smaller  than  are  found  in  different  ai 
of  either  sort.  When  samples  of  the  same  grain  are  com] 
whole  corn  and  the  unbolted  meal  made  from  it  have  the 
composition,  as  the  process  of  grinding  neither  takes  from  noi 
to  the  nutritive  material  present.  The  small  variations  be 
the  whole  corn  and  unbolted  meal  shown  in  the  table  are  due  1 
fact  that  the  figures  are  the  average  of  many  analyses  of  dif 
samples.  When  the  com  meal  is  bolted,  about  one-eighth  < 
original  grain  is  removed,  this  material  consisting  chiefly  c 
cellulose  of  the  skin.  The  removal  of  this  material  of  < 
increases  the  proportion  of  the  other  materials  present,  and  L 
way  it  may  be  seen  that  the  bolted  com  meal  is  richer  tha 
unbolted  in  nutrients  other  than  crude  fiber.  Hominy,  samp 
granulated  com  meals  resemble  each  other  in  composition, 
differences  as  those  indicated  in  the  table  being  no  greater 
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might  be  expected  in  a  number  of  individual  samples  of  either  food 
material.  In  the  manufacture  of  these  com  products,  the  skin  and 
germ  have  been  removed  and  with  them  most  of  the  crude  fiber 
and  considerable  of  the  fat  and  mineral  matter  of  the  original  grain. 
It  might  seem  that  in  thus  removing  the  fat  and  ash  the  food  value 
would  be  decreased.  This  is  only  true  in  a  measure,  for  it  must  be 
remembered  that  the  proportion  of  carbohydrates,  which  are  valu- 
able nutrients  and  have  the  same  functions  as  fat  in  nutrition,  is 
increased.  If  a  person  lived  exclusively  on  com  meal,  the  loss  of 
the  mineral  matters  might  be  serious,  for  a  certain  amount  is  neces- 
sary for  the  proper  nourishment  of  the  body.  However,  there  is 
every  reason  to  believe  that  the  ordinary  mixed  diet  contains  a 
sufficient  amount  of  the  different  ash  constituents. 

From  the  manufacturer's  standpoint  the  removal  of  the  germ  does 
not  represent  a  loss,  as  it  is  used  for  the  manufacture  of  gluten  feeds — 
so  important  for  live  stock — and  com  oil,  which  has  many  industrial 
uses  and  is  utilized  to  some  extent  as  a  salad  oil  and  as  a  culinary  fat 
Cooking  tests  made  in  the  home  economics  department  of  the  Ohio 
State  University  showed  that  products  in  which  com  oil  was  used 
as  part  of  the  shortening  were  of  excellent  quality,  flavor,  and  appear- 
ance. Culinary  fats  are  on  the  market  which  are  claimed  to  be  com 
products,  and  studies  carried  on  at  the  Connecticut  State  Experiment 
Station  show  that  they  contain  com  oil  as  their  characteristic  constit- 
uent, the  oil  being  stiffened  with  a  harder  fat. 

The  fine  com  flour  sometimes  seen  in  American  markets  is  granu- 
lated corn  meal  groimd  to  the  finest  powder.  What  is  called  com  flour 
in  England  is  known  in  the  United  States  as  cornstarch,  and  is  the 
practically  pure  starch  separated  from  the  endosperm  by  special  proc- 
esses. It  is  commonly  used  for  thickening  puddings,  sauces,  etc., 
and  in  other  ways,  and  has  practically  replaced  arrowroot  and  the  fine- 
grained tropical  starches  in  invalid  cookery. 

The  liquid  glucose  known  as  confectioners'  glucose,  or  sometimes 
a^  mixing  glucose,  is  a  thick  colorless  Uquid  when  well  made,  and  is 
prepared  in  large  quantities  by  inverting  cornstarch,  usually  by 
boiling  it  with  dilute  hydrochloric  acid  and  refining  and  evaporating 
i\\o  product.  The  liquid  glucose  sold  for  table  purposes  is  often 
flavored  with  caramel  or  other  materials  and  frequently  contains 
added  cane  sugar. 

Starch  sugar  or  solid  glucose  is  made  in  much  the  same  way  as  the 
li(iuid  product  except  that  the  treatment  with  acid  is  continued  until 
practically  all  the  starch  is  inverted.  Although  the  liquid  glucose  and 
the  starch  sugar  are  not  as  sweet  as  cane  sirup  and  cane  sugar,  they  are 
considenjd  to  be  perfectly  wholesome,  when  well  made,  and  of  definite 
food  value. 
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These  glucose  products  made  from  com  are  much  used  in  the  manu- 
facture of  certain  forms  of  confectionery,  being  better  adapted  for  cer- 
tain kinds  than  cane  sugar  as  they  do  not  so  readily  harden  and  crys- 
tallize. The  manufacture  and  use  of  Uquid  glucose  and  starch  sugar 
have  been  spoken  of  in  earlier  publications  of  the  Department.** 

As  is  shown  by  the  figures  in  Table  3,  whe^t  flour  of  average  com- 
position is  richer  in  protein  than  old-fashioned  com  meal  and  contains 
about  the  same  proportion  of  starch  and  less  fat,  crude  fiber,  and  ash. 
In  composition  granulated  com  meal  differs  from  wheat  flour  mainly 
in  containing  less  protein  and  more  starch.  Generally  speaking,  it 
will  be  seen  that  com  products  compare  favorably  as  regards  nutritive 
value  with  such  a  standard  food  product  as  wheat  flour. 

GOOKIHG. 

Cooking  cereals  improves  them  in  many  ways.  If  bacteria  or 
molds  have  found  their  way  accidentally  into  the  raw  grain  they  are 
destroyed  or  rendered  harmless  by  the  action  of  heat.  Although  they 
knew  nothing  of  micro-organisms,  the  American  Indians  and  many 
other  primitive  people  usually  parched  their  grain  before  storing  it, 
and  in  this  way  sterilized  it  as  satisfactorily  for  their  purposes  as  do 
modem  millers  by  kiln  drying.  Cooking  develops  palatable  flavors  in 
foods.  In  the  case  of  cereals  and  other  foods  rich  in  carbohydrates, 
the  flavors  are  doubtless  due  in  large  part  to  the  browning  or  carameli- 
zation  of  these  constituents.  Cooking  also  changes  the  mechanical 
condition  of  grain  foods  so  that  they  may  be  more  conveniently  eaten 
and  more  readily  acted  upon  by  the  digestive  juices. 

Parching  is  one  of  the  simplest  methods  of  cooking  grains,  and  also 
doubtless  the  method  first  adopted  by  primitive  man.  Simple  parched 
corn,  it  is  said,  is  still  eaten  in  central  Asia  and  is  regarded  as  a  very 
convenient  form  of  food  for  travelers  in  that  part  of  the  world. 

Some  of  the  desirable  changes  which  heat  produces  in  grain  are  most 
satisfactorily  brought  about  when  water  is  present,  and  from  time 
immemorial  it  has  been  customary  to  mix  grain  with  water  or  milk 
when  preparing  it  for  human  food.  The  indigestible  fiber  of  the  cell 
walls  breaks  down  under  the  combined  action  of  moisture  and  heat, 
and  so  the  real  nutritive  materials  of  the  grain  are  more  accessible  to 
th(»  action  of  the  digestive  juices  than  would  otherwise  be  the  case,  for 
mastication,  even  if  long  continued,  does  not  break  down  the  cell  walls 
of  raw  ^min  as  easily  or  completely  as  is  the  case  after  cooking.  Under 
the  action  of  the  moist  heat  the  starch  grains  expand  or  swell  and 
become  soft  and  more  porous,  while  a  greater  or  smaller  proportion  of 
the  starch  may  undergo  what  is  known  to  the  chemists  as  hydrolysis 
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and  be  transformed  from  a  substance  insoluble  in  water  to  others 
which  are  readily  dissolved.  When  there  is  no  water  present,  as  in 
parching,  or  when  the  water  is  very  largely  removed,  as  in  baking  or 
roasting,  the  starch  tends  to  turn  brown  in  color  and  acquires  a  pleas- 
ant toasted  taste.  In  this  process  dextrin  is  formed,  and  as  a  whole 
these  changes  are  akin  to  those  noted  in  the  caramelization  of  sugar. 

Little  is  known  regarding  the  changes  which  take  place  in  the  pro- 
tein and  fat  during  the  cooking  of  com,  but  they  are  doubtless  much 
the  same  as  with  other  foods,  protein  being  coagulated  by  heat  and 
fat  broken  down  to  some  extent  into  simpler  bodies  if  the  heat  is 
intense  or  long  continued.  The  amount  of  water  which  com  meal  and 
other  com  products  require  in  cooking  varies  considerably,  the  fine 
meal,  for  instance,  absorbing  less  water  than  the  coarse. 

The  proportion  of  water  in  a  cooked  dish  is  obviously  determined 
by  the  amount  of  liquid  originally  present  or  added  in  preparation  and 
the  amount  evaporated  by  the  heat  of  cooking.  Catherine  A.  Wil- 
liams *"  studied  the  amount  of  water  absorbed  by  a  number  of  cereal 
foods  and  found  that  100  grams  of  hominy  sprinkled  into  boiling 
water,  cooked  imtil  soft,  and  then  drained,  weighed  623  grams,  or  in 
other  words  had  absorbed  523  grams  of  water.  The  original  material 
contained  13  per  cent  water  and  the  cooked  87  per  cent.  When  100 
grams  of  a  cornstarch  preparation  was  cooked  with  water  618  grams 
of  thick  porridge  or  blanc-mange  was  obtained  with  a  water  content  of 
87  per  cent  as  compared  with  13  per  cent  in  the  original  material  used. 

Com  meal  is  cooked  in  a  groat  variety  of  ways,  but  most  of  the 
dishes  fall  imder  two  general  heads,  namely,  bread  prepared  by  bak- 
ing, and  porridge  or  puddings  made  by  boiling.  In  the  case  of  the 
ready-to-eat  com  breakfast  foods  the  cooking  has  been  done  at  the 
factory;  the  preparation  at  the  factory  usually  consists  in  rolling 
or  flaking  and  sometimes  parching  and  flavoring  the  thoroughly 
steamed  or  boiled  and  softened  grain. 

The  composition  of  com  breads  and  com  porridge  and  other  cooked 
com  products  is  sho^vn  in  Table  4  in  comparison  with  uncooked  com 
meal  and  wheat  bread.  The  flavor,  food  value,  and  other  character- 
istics of  the  com  foods  are  taken  up  in  the  sections  which  follow  the 
table. 
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Table  4. — Composition  of  cooked  com  preparationSy  com  mealy  and  wheat  bread. 


Kind  of  material. 


Hominy,  boiled 

Hoecake 

Johnnycake 

Boston  brown  bread 

Corn  breakfast  foods,  flaked, 

(partially  cooked  at  factory) . 
Com  breakfast  foods,   flaked 

and  parched  (ready  to  eat) . . . 

Indian  pudding 

Cornstarch  blane-mange  (made 

with  cornstarch  and  water). . 

Parched  com 

Pop wd  com 

Hmled  com 

Granulated  com  meal 

Wheat  bread 


Water. 

Protein. 

Per  cent. 

Per  cent. 

79.3 

2.2 

^2.8 

4.0 

29.4 

7.8 

4a9 

6l3 

ia3 

9.6 

7.3 

lai 

6a7 

5.5 

87.3 

2.9 

5.2 

1L5 

4.3 

ia7 

74.1 

2.3 

12.5 

9.2 

35.3 

9.2 

Carbohydrates. 


Fat.     I  Starch, 
sugar, 


Per  cent. 
a2 


2.2; 

2.1  I 


Per  cent.  Per  cent. 
17.8 


Crude 
fiber. 


1.8  I 
4.8  I 

.1 
&4 
5.0 

.9 
L9 
L3 


4ao 

57.5 
45.7 


77.2 
27.5 


a2 

.2 
.1 

.4 

1.2 


9.5  I.. 
72.3 
77.3  I 
22.2 

74.  4  I  1. 0 

52.6  .5 


1.4 


Mineral 
matters. 


Per  cent. 
0.5 
2.4 
2.9 
1.9 

.7 

2L4 
1.5 

.2 
2.6 
1.3 

.5 
LO 
LI 


Fuel 

value 

per 

pound. 


Calories. 

381 

885 

1,385 

1,110 

1,680 

1,735 
815 

230 
1.915 
1,880 

400 
1,665 
1,205 


As  has  been  stated,  granulated  com  meal  and  ordinary  wheat  flour 
are  not  very  different  in  chemical  composition,  and  the  com  is  often 
cheaper  in  price;  nevertheless,  wheat  ranks  far  ahead  of  com  as  a 
breadstuff,  perhaps  the  most  important  reason  for  this  being  that 
wheat  yields  a  lighter  and  more  porous  loaf  with  yeast  or  other 
leavening  agent.  This  is  due  to  the  character  of  its  protein,  which 
consists  largely  of  a  substance  known  as  gluten,  so  elastic  in  its  nature 
that  it  stretches  the  dough  into  little  pockets  as  the  gases  from  the 
yeast  expand  within  it.  The  heat  of  cooking  hardens  the  gluten  and 
so  the  finished  loaf  retains  its  porous  structure.  The  only  cereal  which 
compares  with  w^heat  in  the  elastic  and  tenacious  qualities  of  its 
nitrogenous  constituents  is  r^^e.  Com  contains  no  such  gluten,  and 
even  when  mixed  with  equal  amoimts  of  rye  or  wheat  flour  and  raised 
with  yeast,  as  in  the  old-fashioned  '*rye  and  Indian''  bread,  it  does 
not  give  anything  like  as  porous  a  loaf  as  either  wheat  or  rye  alone. 

For  the  most  part,  therefore,  com  breads  are  of  the  unleavened  or 
Hat  bread  type  and  are  granular  rather  than  porous.  They  are 
usually  baked  in  thin  loaves  or  cakes,  and  so  the  lack  of  gluten  is  less 
important.  They  do  not  keep  as  fresh  as  yeast-raised  breads  and 
should  be  eaten  soon  after  baking.  The  simplest  kind  of  com  bread 
is  that  in  which  the  meal  is  mixed  with  water  or  milk  and  baked. 
Sucli  wore  the  cakes  which  the  American  Indians  baked  in  the  ashes 
of  their  camp  fires  or  on  a  heated  stone;  such  are  the  tortillas  of 
Spanish  America  and  the  hoecakes  of  our  Southern  States  (which 
get  their  name  from  the  fact  that  the  cake  is  sometimes  baked  on  the 
blade  of  a  hoe  held  over  the  coals),  and  the  ash  cakes  or  corndodgers, 
which,  wrapped  in  a  cabbage  leaf,  are  baked  in  the  hot  ashes  of  the 
fireplace.  Johnnycake  and  com  bread,  popular  in  New  England  and 
other  parts  of  the  country,  used  to  be  prepared  in  much  the  same  way, 
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and  were  baked  on  a  board  before  the  fire  and  in  later  times  in  the 
oven;  but  nowadays  they  are  usually  made  with  part  com  meal  and 
part  wheat  flour  and  slightly  raised  by  the  addition  of  baking  powder, 
eggs,  etc.  Other  com  breads  and  cakes  are  made  by  mixing  eggs, 
sugar,  sour  milk  and  baking  soda,  butter,  lard,  or  other  materials 
with  the  meal.  Sometimes  white  and  sometimes  yellow  meal  is  used 
in  these  preparations,  each  sort  having  its  advocates  who  maintain 
that  it  is  much  superior  to  the  other.  As  a  matter  of  fact,  analysis 
has  shown  that  there  is  no  constant  difference  in  the  composition 
of  the  two  sorts  of  meal,  and  it  seems  equally  certain  that  there  is  no 
uniform  difference  in  flavor  or  cooking  quality. 

The  famous  Boston  brown  bread  was  originally  a  mixture  of  rye 
and  Indian  meal  sweetened  with  molasses  and  lightened  a  little  by 
the  gases  evolved  by  mixing  sour  milk  and  soda.  It  was  made  into 
large,  thick  loaves,  which  required  long,  slow  cooking,  such  as  was  best 
obtained  in  the  old-fashioned  brick  ovens.  The  weight  of  the  loaves 
was  fixed  by  law  in  Massachusetts  in  colonial  times,  and  bakers  were 
recjuired  to  stamp  their  initials  on  the  bread.  Nowadays  Boston 
browTi  bread  is  usually  made  with  com  meal,  rye,  and  whole-wheat 
flour,  and  is  cooked  by  steam  in  small  loaves  in  tightly  covered  tins. 
Combined  with  beans  it  has  long  been  the  orthodox  Saturday-night 
sui)per  or  Sunday  )>reakfast  in  many  parts  of  New  England.  Such 
brown  bread  canned  in  small  tins  is  a  common  commercial  product. 
It  is  probably  made  like  any  other  *^ Boston  brown  bread"  except 
that  it  is  cooked  and  sterilized  in  the  sealed  cans. 

A  sweet  cake  something  like  gingerbread  is  sometimes  made  by 
mixing  molasses  and  spice  into  a  johnnycake  batter,  and  is  an  old- 
fashioned  favorite  in  many  homes.  Projaca  is  a  Servian  com  bread 
in  which  eggs  and  cheese  are  mixed  with  maize  meal,  the  dough 
covered  with  leaves  and  baked  either  in  pans  or  in  the  ashes,  some- 
what like  the  ash  cakes  of  our  Southern  States. 

In  Italy  a  considerable  effort  has  been  made  to  substitute  maize 
wholly  or  in  part  for  the  more  expensive  wheat  in  making  macaroni 
and  other  simihir  pastes.  These  foods,  it  should  be  remembered, 
wliicli  are  used  in  the  Ignited  States  as  an  occasional  substitute  for 
vcgeta])U\s  and  in  similar  ways,  in  Italy  are  eaten  in  large  quantities 
as  a  staj)le  food  by  all  classes  and  oft(»n  form  the  main  if  not  the 
whole  of  a  poor  man's  meal.  Their  advantage  over  flour,  aside 
from  their  comj)actness,  is  that  they  are  less  liable  to  become  moldy 
or  to  ]>e  atta(!ked  by  insect  enemies  and  may  be  easily  and  quickly 
l)r(»pared  for  the  table  with  only  the  simplest  cooking  conveniences. 
^^^lile  wheat  is  much  better  adapted  to  making  these  pastes,  owing 
to  its  tenacious  gluten,  such  goods  made  of  mixtures  of  wheat  and 
maize  or  of  maize  alone  are  by  no  means  unpalatable.     Their  vae, 
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however,  is  certainly  not  common,  and  their  manufacture,  which 
attracted  considerable  attention  in  Italy  not  long  ago,  seems  never 
to  have  assumed  much  commercial  importance. 

Practical  cooks  differ  in  opinion  regarding  the  relative  values  of 
the  old-fashioned  bolted  and  the  new  granulated  com  meals  in  bread 
making.  There  is  certainly  a  difference  in  flavor,  due  to  the  removal 
of  the  germ  in  grinding  the  granulated  meals,  but  whether  the  dis- 
tinctive flavor  thus  acquired  is  an  improvement  or  not  is  largely  a 
matter  of  individual  opinion,  and  undoubtedly  a  person  usually  likes 
the  sort  to  which  he  has  been  accustomed. 

As  to  the  texture  of  bread,  the  difficulty  experienced  with  the 
newer  types  of  meals  often  arises  from  the  fact  that  recipes  intended 
for  the  old-fashioned  sorts  are  used  without  modification.  Because 
they  contain  less  fat  the  granulated  meals  require  more  shortening 
material  than  those  which  include  the  germ.  They  also  absorb 
water  less  readily  than  the  old-fashioned  sorts,  and  for  this  reason 
some  cooks  prefer  to  scald  the  granulated  meal  before  miYJng  it 
with  the  other  ingredients.  An  extended  series  of  tests  carried  on 
at  Teachers'  College,  New  York,  as  a  part  of  the  nutrition  investiga- 
tions of  the  Office  of  Experiment  Stations,  has  shown  that,  when 
properly  manipulated,  bread  from  granulated  com  meal  is  fully  as 
light  as  that  made  from  plain  bolted  meal,  and  that  under  such 
conditions  the  difference  in  texture  and  quality  of  the  breads  and 
other  products  from  the  two  types  of  meal  are  not  particularly 
marked.  • 

The  early  colonial  records  tell  us  that  the  Indians  pounded  com, 
often  previously  parched,  to  a  coarse  meal  and  made  a  sort  of  mush 
from  it.  Sometimes  nuts,  berries,  beans,  pumpkins,  etc.,  formed  part 
of  the  dish,  while  sometimes  meat  or  fish  were  used  much  as  the 
Scotch  mix  meat  with  oatmeal  in  their  meat  brose.  It  is  not  sur- 
prising that  the  colonists  took  kindly  to  corn-meal  porridge,  as  it 
was  similar  to  the  dishes  made  from  other  cereals  which  they  had 
known  at  homo. 

''Hasty  pudding,''  or  corn-meal  mush,  which  may  be  made  with 
either  milk  or  water,  is  a  dish  which  can  be  quickly  cooked,  as  its 
name  implies,  though  long  slow  cooking  is  generally  conceded  to  yield 
a  better  dish.  Good  cooks  always  insist  that  the  water  must  be 
vigorously  boiling  and  that  the  meal  must  be  slowly  stirred  in,  a 
little  at  a  time,  in  order  that  the  mush  may  be  smooth  and  of  the 
proper  consistency.  Hominy  and  samp,  which  are  much  coarser 
than  meal,  require  longer  cooking,  and  for  this  reason  are  often  con- 
sidered less  convenient  than  other  similar  cereals.  The  very  coarse 
hominy  is  not  an  economical  dish  where  cooking  is  done  on  a  gas 
stove  and  fire  nmst  be  kept  especially  for  it,  but  in  households  where 
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the  range  is  hot  all  day  a  dish  of  it  in  a  double  boiler  at  the  back 
of  the  stove  will  almost  cook  itself.  Sufficient  water  is  important 
in  cooking  hominy  and  samp,  as  the  grain,  if  not  constantly  covered 
with  water,  becomes  rather  hard  and  dry.  On  the  other  hand,  too 
much  water  makes  the  dish  gummy  and  unattractive.  To  be  properly 
cooked  each  grain  of  hominy,  though  soft,  should  retain  its  distinct 
fonn,  as  is  the  case  with  well-cooked  rice.  Old-fashioned  meal  and 
hominy  made  from  corn  which  includes  the  germ  have  a  more  dis- 
tinctive flavor  than  the  products  made  from  degerminated  grain,  and 
for  this  reason  they  are  often  preferred  for  porridge  making,  though 
the  use  of  one  sort  or  the  other  is,  of  course,  entirely  a  matter  of 
taste.  A  New  England  cookbook  of  one  hundred  years  ago  gives 
the  following  advice:  "For  Sunday  morning  in  winter  fry  the  hasty 
pudding  that  was  left  over  from  Saturday  night's  supper.  Eat  it 
with  West  India  molasses  or  Muscovado  sugar."  Fried  mush  and 
fried  hominy  are  still  favorite  breakfast  dishes.  They  are  also 
sometimes  served  with  meat  in  the  place  of  vegetables,  as  is  also 
plain  boiled  hominy. 

Corn-meal  mush  is  so  much  used  under  the  name  of  polenta  in 
many  parts  of  Italy  that  it  may  almost  be  called  the  national  dish. 
Polenta  is  made  much  like  hasty  pudding,  except  that  some  grated 
cheese  or  lard  or  other  fat  is  commonly  one  of  its  ingredients.  With 
poorer  people  polenta  often  constitutes  the  bulk  of  the  daily  fare, 
while  in  more  well-to-do  families  it  is  an  accompaniment  of  meat 
dishes  and  other  foods,  and  is  served  in  a  variety  of  ways,  many  of 
them  worthy  of  a  trial  by  American  housekeepers. 

Tamales,  a  Mexican  com-meal  dish  formerly  Uttle  known  to  Anaer- 
ican  cooks  except  in  the  southwestern  United  States,  are  now  com- 
paratively common.  In  making  these,  com  meal  suitably  prepared 
is  mixed  with  meat  or  chicken  and  cliili  peppers  or  other  seasoning, 
wrap])ed  in  com  husks  and  boiled  until  well  cooked.  So  well  known 
has  this  dish  become  that  canned  tamales  are  on  the  market. 

Indian  pudding,  a  favorite  family  dessert  in  this  coimtry,  is  made 
by  mixing  molasses,  butter,  spices,  etc.,  with  com  meal  into  a  batter 
with  milk  or  water.  It  used  frequently  to  be  boiled  in  a  cloth  like 
Christmas  plum  pudding,  but  now  is  more  commonly  baked  or 
steamed  in  a  deep  dish. 

Many  cooks  use  corn  starch  for  tliickening  sauces,  etc.,  because  it 
gives  them  a  smoother  consistency  than  flour.  It  also  forms  the 
basis  of  puddings,  in  which  it  is  mixed  with  milk,  sugar,  eggs,  etc. 
Such  dishes  are  very  nutritious  and  palatable,  and  are  believed  to 
be  easily  digested,  which  accounts  for  their  use  in  invalid  cookery. 

Com-meal  gruel,  a  palatable  dish  once  much  more  conmionlj  pre- 
pared for  invalids  than  at  the  present  day,  is  cooked  for  such  a  long 
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time  and  with  such  large  proportions  of  water  that  the  crude 
of  the  com  meal  is  quite  completely  broken  down  and  the  st 
very  largely  converted  into  a  smooth,  almost  jelly-like  condition 
Though  the  proportion  of  water  may  be  higher  in  mush  or  pon 
than  in  com  bread,  yet  such  foods  are  nutritious  and  may  be  re€ 
combined  with  other  dishes  to  form  a  palatable  and  wholesome  • 

HULLED  GOEN. 

Hulled  com,  or  lye  hominy,  is  prepared  by  steeping  the  kerne 
hot  water  which  contains  lye,  or  sometimes  simply  a  small  ba 
wood  ashes,  until  the  hulls  are  loosened  or  softened.  The  coi 
then  soaked  in  plain  water  until  the  lye  is  washed  out  and 
boiled  until  it  is  soft.  When  it  is  eaten  in  milk  as  a  breakfast 
or  used  in  other  ways,  its  distinctive  flavor  makes  it  a  food  much  1 
in  many  families.  One  hundred  years  ago  it  was  a  common  cug 
for  housewives  to  prepare  hulled  com  for  the  use  of  their  fam 
but  the  process  is  time-consuming,  and  it  is  now  commonly  purch 
from  dealers,  who  often  make  a  specialty  of  supplying  it.  Lye  hor 
is  a  common  product  in  Washington  and  Baltimore  markets, 
the  hulled  com  vender  is  well  known  in  many  New  England  U 
and  elsewhere  in  the  northern  United  States.  A  number  of  br 
of  canned  hulled  com  are  on  the  market  which  differ  in  no  appreci 
degree  from  the  freshly  prepared  product.  As  the  figures  in  Tal 
show,  hulled  corn  has  much  the  same  composition  as  boiled  hon 
It  owes  its  distinctive  flavor  in  considerable  measiu^  to  the  ti 
ment  with  lye. 

COEN  BEEAKPAST  FOODS. 

There  is  at  the  present  time  a  great  number  of  proprietary  bi 
fast  foods  on  the  market,  some  of  which  are  ready  to  eat,  while  o1 
need  only  a  little  cooking,  and  so  are  easier  to  prepare  for  the  i 
than  the  old-fashioned  meals  or  grits  made  from  similar  grains 
number  of  these  breakfast  foods  are  made  from  com.  In  the  ca 
the  partially  cooked  and  ready  to  eat  brands  the  processes  of  m 
fact  are  are  apparently  the  same  as  with  similar  foods  made  from  c 
grains.  Selected  grain,  carefully  freed  from  all  impurities,  is  stea 
or  cooked  until  it  is  soft,  then  flaked  or  rolled  by  passing  it  thr< 
heavy  rollers,  and  dried.  Sometimes  the  flakes  are  parched  wil 
without  the  addition  of  malt.  Variations  in  the  process  of  mam 
ture  give  the  granular  preparations  and  other  varieties  with  whic 
are  all  familiar.  Corn  breakfast  foods,  like  other  goods  of  this  1 
are  ver}^  commonly  marketed  in  packages.  The  food  value  of  1 
corn  preparations  and  other  breakfast  foods  has  been  discussed  i 
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earlier  bulletin  of  this  series."  In  general  it  may  be  said  they  are 
comparatively  concentrated  foods,  as  they  contain  little  water,  and 
are  quit^  similar  to  com  meal  in  chemical  composition. 

POP  GOEN  AND  PAEGHED  COEH. 

Special  varieties  of  corn  with  hard,  small  kernels  are  used  for  pop- 
ping. Pop  corn  was  formerly  sold  on  the  ear,  but  now  it  can  be 
bought  already  shelled,  in  bulk,  or  packed  in  small  cardboard  boxes. 
Such  com  has  been  carefully  kiln-dried  and  perhaps  pops  more  evenly 
than  the  home-dried  product.  In  the  popping,  which  takes  place 
when  the  kernels  are  exposed  to  intense  heat  like  that  from  a  good 
bed  of  coals,  the  endosperm  expands  and  pops  or  bursts  white  and 
crisp  through  the  torn  skin.  •  It  was  formerly  supposed  that  this  burst- 
ing was  due  to  the  sudden  expansion  of  the  fat  in  the  grain,  but  it  is 
now  known  that  it  is  caused  by  the  sudden  expansion  of  the  cell  mois- 
ture into  steam.  In  pop  com  the  cell  walls  are  very  firm  and  hard 
and  do  not  ))urst  until  the  pressure  is  quite  considerable.  Ordinary 
varieties  of  com,  in  which  the  cell  walls  are  softer,  when  treated  in  the 
same  way,  expand  and  sometimes  burst  more  or  less,  but  do  not  have 
the  characteristic  popped  appearance. 

During  popping,  com  loses  considerable  water,  and  so  it  contains  a 
larger  proportion  of  nutrients  than  the  original  grain.  Chemical 
changes  take  place  also  in  the  nutrient-s  themselves,  though  they  are 
not  very  well  understood.  Part  of  the  carbohydrates  are  undoubt- 
edly browned  or  caramelized,  and  it  is  believed  that  the  peculiar  flavor 
of  popped  com  is  due  in  a  measure  at  least  to  this  fact.  It  is  a  matter 
of  common  experience  that  the  flavor  and  texture  of  popped  com 
deteriorates  if  it  is  kept  for  any  considerable  time  after  popping. 
Apparently  the  loss  of  crispness  is  due  to  the  fact  that  the  freshly 
popped  com  is  so  very  dry  and  porous  that  it  readily  absorbs  moisture 
from  the  air. 

Popped  com  is  usually  eaten  out  of  hand  and  can  hardly  be  called 
an  important  food  product,  though  the  total  amount  used  in  the 
United  States  is  large  -about  300  carloads  annually,  it  has  been  esti- 
mated. Puddings  and  other  foods  are  sometimes  made  from  popped 
com,  and  popped  corn  and  milk  is  an  old-fashioned  dish  which  is 
wholesome  and  may  be  made  to  accord  with  modem  habits  by  using 
it  as  a  breakfast  cereal.  Popped  com  is,  however,  most  commonly 
eaten  with  salt  and  butter  or  made  into  a  sort  of  confectionery  with 
molasses  or  sugar. 

Popped  com  resembles  other  com  products  in  composition,  except 
that  it  contains  less  moisture.  Its  very  porous  structure  makes  it  a 
comparatively  bulky  food.     So  far  as  can  be  learned,  its  digestibility 
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has  not  been  studied  experimentally,  but  there  is  no  reason  to  supp 
that  it  is  not  easily  and  thoroughly  digested. 

It  is  often  stated  that  pop  com  is  used  in  large  quantities  in  1 
manufacture  of  breakfast  foods  and  for  the  adulteration  of  flour,  1 
both  these  statements  are  denied  on  good  authority. 

Parched  com,  made  from  ordinary  varieties  which  expand  1 
do  not  burst  on  heating,  is  eaten  to  a  limited  extent  out  of  ha] 
As  the  figures  in  Table  4  indicate,  it  does  not  differ  very  mat< 
ally  in  composition  from  popped  com. 

Infusions  of  parched  com  or  of  "browned"  com  meal  or  parcl 
brown  bread  crusts  are  old-fashioned  coffee  substitutes  which  ma 
persons  consider  among  the  most  palatable  cereal  coffees.  The  f( 
value  of  "com  coffee,"  like  that  of  all  similar  beverages,  depends  v 
largely  upon  the  sugar  and  cream  added  to  it,  for  the  small  quant 
of  caramel  or  other  browned  material  which  it  contains  in  solutioi 
not  of  much  importance,  and  99  per  cent  of  the  infusion  is  water.* 

DIGESTIBILITT  OF   FOODS  MADE  FEOM  CORN. 

The  real  value  of  any  food  material  depends  not  only  on  the  amoi 
of  nutrients  which  it  supplies  but  also  on  the  proportion  of  these  nu 
ents  which  the  digestive  organs  can  convert  into  such  a  form  that  tl 
may  be  absorbed  into  the  blood  and  made  available  for  the  nouri 
ment  of  the  body — in  a  word,  upon  digestibility.  The  thorough 
of  digestion  of  the  more  common  food  products  has  been  carefi 
determined.  A  number  of  digestion  experiments  have  been  m 
with  corn,  the  first  of  these  being  perhaps  that  reported  by  Rub 
about  thirt}^  ^^ars  ago.  He  found  that  a  man  on  a  diet  of  com-n 
porridge,  \\'itli  a  little  butter,  meat  extract,  and  cheese,  retained  in 
boily  85  per  cent  of  the  protein,  83  per  cent  of  the  fat,  97  per  cen 
the  carbohydrates,  and  70  per  cent  of  the  ash  which  the  food  suppl 
Somewhat  later  Malfatti,  an  Italian,  studied  the  digestibility  of  mi 
porridge  (polenta)  eaten  with  cheese  and  found  that  93  per  cent  of 
protein,  91  per  cent  of  the  fat,  98  per  cent  of  the  carbohydrates,  j 
81  per  cent  of  the  ash  were  digested.  Somewhat  lower  values 
found  when  the  polenta  was  eaten  without  the  cheese.  In  n: 
recent  Italian  experiments  ^nth  polenta,  much  the  same  results  v 
obtained,  though  the  values  found  for  protein  were  rather  \o\ 
Macaroni  and  similar  pastes  made  wholly  or  in  part  of  com  m 
though  somewhat  more  digestible  than  the  corn-meal  mush  y 
found  to  ])e  a  little  less  digestible  than  similar  foods  made  from  whe 

llarcourt  ^  at  the  Ontario  Agricultural  College  and  Experime] 
Farm  studied  the  digestibility  of  a  number  of  breakfast  foods,  incl 

^i  See  also  U.  S.  Dept.  Agr.,  Fanners'  Bui.  249,  p.  33. 
b  Jour.  Soc.  Chem.  Indus.,  26  (1907),  p.  240. 
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ing  corn-meal  mush.  According  to  his  experiments,  74  per  cent  of  the 
protein  and  09  per  cent  of  the  carbohydrates  of  com-nieal  mush  are 
digested  when  it  forms  a  part  of  a  simple  mixed  diet. 
'  The  digestibility  of  corn-meal  mush  or  "hasty  pudding"  and  boiled 
hominy  has  also  been  studied  recently  at  the  Maine  Experiment 
Station.  The  hasty  pudding  was  made  by  stirring  meal  into  salted 
water  and  cooking  it  in  a  double  boiler.  It  was  found  that  in  the  case 
of  a  mixed  diet  containing  considerable  quantities  of  hasty  pudding 
89  per  cent  of  the  total  protein  and  99  per  cent  of  the  carbohydrates 
were  digested,  wliile  97  per  cent  of  the  energy  of  the  diet  was  available 
for  the  bod3\  When  the  hasty  pudding  was  eaten  with  a  little  milk  or 
sugar  and  constituted  a  considerably  larger  proportion  of  the  diet,  82 
per  cent  of  the  protein  and  99  per  cent  of  the  carbohydrates  were 
digested  and  the  ((uantity  of  energy  available  was  the  same  as  before. 
The  calculated  values  for  the  digestibility  of  hasty  pudding  alone 
were:  Protein  73  per  cent,  carbohydrates  98  per  cent,  and  available 
energy  93  per  cent.  The  experiments  of  similar  nature  which  were 
made  gave  for  hominy  as  a  part  of  a  mixed  diet,  for  hominy  with  milk 
and  sugar,  and  for  hominy  alone  practically  the  same  values  as  were 
obtained  for  the  musli.  From  all  the  experimental  data  the  con- 
clusion may  be  fairly  drawn  that  the  nutritive  ingredients  of  dishes 
made  by  cooking  corn  in  water  are  well  assimilated. 

The  digestibility  of  com  breakfast  foods  has  been  studied  at  a 
number  of  th(»  experiment  stations,  particularly  in  connection  with 
the  cooperative  nutrition  investigations  of  the  OflSice  of  Experiment 
Stations.  As  has  been  pointed  out  in  an  earlier  bulletin  of  this 
series,**  wliich  discusses  the  digestibility  and  nutritive  value  of  cereal 
breakfast  foods  as  a  whole,  74  per  cent  of  the  protein,  90  per  cent  of 
th(»  fat,  and  99  j)er  cent  of  the  carbohydrates  of  com  breakfast  foods 
are  assimilated,  wliile  95  per  cent  of  the  energy  is  available.  These 
values,  it  will  be  seen,  are  very  similar  to  those  given  above  for  com- 
nieal  mush,  etc. 

All  extended  series  of  experiments  (m  the  digestibility  of  com 
bread  of  diirereut  sorts,  including  hoecake,  johnnycake,  and  Boston 
brown  ])rea(l,  was  also  carried  on  at  the  Maine  Experiment  Station. 
In  every  case*  the  same  sort  of  granulated  corn  meal  was  used.  The 
brown  bread  was  made  of  e(iual  parts  of  com  meal  and  wheat  flour 
mixed  with  milk,  molasses,  baking  powder,  and  a  little  salt.  It  was 
steamed  in  etins  for  four  hours.  T1h»  jolmnycake  was  made  of  equal 
l)arts  of  corn  meal  and  wheat  flour,  with  suitable  (juan titles  of  milk, 
sugar,  ])aking  powder,  and  salt.  Neither  flour  nor  baking  powder 
was  used  in  the  preparation  of  hoecake.  The  meal  was  stirred  into 
boiling  water  until  a  thick  pudding  was  formed,  which  was  inunedi- 
atelj-  spread  in  thhi  sheets  upcm  hot  well-greased  iron  plates  and 
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baked  at  once.  For  purposes  of  comparison,  digestion  experiments 
were  also  made  with  wheat-flour  bread.  The  foods  under  considera- 
tion were  eaten  with  milk  and  sugar,  or  sirup  in  the  case  of  hoecake — 
this  ration  being  termed  a  simple  diet — ^and  as  a  part  of  a  more  elabo- 
rate mixed  ration  which  also  included  canned  peaches  and  meat. 

The  average  figures  wliich  were  obtained  for  the  different  corn- 
bread  rations  with  the  healthy  young  men  who  served  as  subjects 
and  the  calculated  values  for  the  bread  alone  are  shown  in  Table  5, 
which  also  contains,  for  purposes  of  comparison,  the  results  of  the 
similar  study  with  wheat  bread  made  from  standard  patent  flour. 

Tablk  5.     Average  digestibility  of  corn  bread  of  diffeient  sorts  compared  vnth  wheat 

bread. 


Entire  ration.  Com  products  alono. 


Kind  of  food. 


!  Heat  of    I                 I 

I                                   gested  ma-  ■ 

j  terial.     | 

~  ~  I        ~ 'i            I  i"          r  \»  "sensation  of 

Per  cent. .  Per  cent.  Per  cent.     Per  c^'   ^  ^    , 

Hocruko  in  mixed  diet |         90.0  ;         88.8  I  92.^  xtS  protcm  COntcnt  IS 

HcK<akt' in  simple  dit't 87.0  98.7' 


Heat  of 
combus- 
tion of  di- 
gested^^^ 

te^a  m- 


Howake  with  sirup I      84.4 1      j)9vfiv  causc  au  appreciable  mcrease 


•lohnnycake  in  mixed  diet 

Johnnycake  in  simple  diet 

Boston  brown  bn*ad  in  mixed  diet. . 


I, 


sd'.fiiody  as  compared  with  wheat  or  other 

ooHion  Drown  on'au  m  iiuxeu  uiei.. ..  *"  .,  j*/*  .        \  #  x    •        ^       • 

Boston  brown  bnad  in  simple  diet... ^>iVing  the  diiTerent  ciasscs  of  Hutncnts  in 

Wheat  bread  in  mixed  diet 

Wheat  bread  in  simple  diet 


:  and  carbohydrates  and  so  is  a  fattening  food,  as 

The  data  in  the-^  ^^^^  feeding  of  farm  animals  abundantly  demon- 
total  diet  inclu('^i^<>^^'i^  ^^  protect  the  body  from  extremes  of  tempera- 
of  the  com  pro^^itt^y  be  that  com  has  been  spoken  of  as  a  heating  food, 
very  favorah^-  *^l^i^b'®  i'^  ^'^^  winter  diet,  on  account  of  its  fat-producing 
carbohydra^^her  than  because  of  anj'  specific  heat-producing  properties, 
body.  Tl*ii  "heating  foods  "  seems  often  to  mean  simply  hearty  foods; 
nets,  indi^l^^«^'  which  because  of  their  bulk,  the  length  of  time  they 
once  upo*^  ^^^^^  stomach,  or  for  other  reasons  delay  the  normal  recur- 
digested^  hunger  for  a  longer  time  than  usual.  Some  com  dishes, 
protei'^rn-nioal  cakes  with  simp,  or  the  crackling  bread  of  southern 
wlwlvs  which  contains  the  pork  cracklings  or  scraps  left  after  lard  is 
thoidcrcd,  are  untjuostionably  hearty  foods,  but  no  more  so  than 
to  uilar  dislics  made  from  other  cereals.  Certainly  simple  corn  breads 
ofnd  other  simple  corn  dishes  do  not  seem  to  particv.larly  merit  this 
dcsit^nation. 

Tn  this  connection  it  is  interesting  to  note  that  com  has  always 
been  a  more  important  foodstuff  in  the  southern  United  States, 
Mexico,  and  the  Mediterranean  regions  than  in  corresponding  northern 
regions,  even  wliere  it  is  a  common  market  commodity,  and  this 
would  certainly  indicate  that  there  can  be  no  reason  for  supposing 
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the  total  diets  and  that  the  proteni  of  the  total  simple  diets  is  less 
thoroughly  digested  than  that  of  the  mixed  diets.  These  facts  are  in 
accord  with  observations  in  many  similar  experiments,  and  are  be- 
lieved to  indicate  that  the  digestibility  of  protein  depends  somewhat 
upon  the  proportion  of  protein  to  other  nutrients  in  the  diet.  The 
Italian  experiments  in  which  the  protein  of  cheese — a  material  rich  in 
protein — and  corn  porridge  were  more  thoroughly  digested  than  that  of 
com  porridge  alone  or  with  butter,  strengthen  this  belief. 

All  the  above-mentioned  tests  referred  to  thoroughness  of  digestion, 
and  give  no  information  with  respect  to  the  ease  or  comfort  with  which 
food  is  assimilated.  The  time  which  elapses  between  the  eating  of 
food  and  the  excretion  of  the  undigested  residue  of  it  dods  not  vary 
much  with  the  ordinary  foods,  and  the  rapidity  of  digestion  therefore 
usually  has  reference  to  the  length  of  time  which  food  remains  in  the 
stomach.  Although  to  a  healthy  person  this  is  probably  a  matter  of 
little  moment,  it  may  be  a  question  of  considerable  importance  with 
were\''ls.  Unfortunately  it  is  verj'  difficult  to  obtain  definite  infor- 
energy  93  p(?rh  matters.  Beaumont,  in  his  famous  observations  on 
made  gave  for  homuij  jirith  a  gunshot  wound  in  his  stomach,  foimd 
and  sugar,  and  for  hominy  albiii5=<^omach  tlu*ee  hours  and  fiifteen  min- 
obtained  for  the  mush.  From  all  tJiours  and  thirty  minutes.  In 
elusion  may  be  fairly  drawn  that  the  nutrembered  that  starch,  the 
made  by  cooking  corn  in  water  are  well  assimila\  intestines  rather  than 

The  digestibility  of  com  breakfast  foods  ha^servations  as  Beau- 
number  of  the  experiment  stations,  particularly  iiere  are  differences 
the  cooperative  nutrition  investigations  of  the  Ofiico  fairly  claimed, 
Stations.     As  has  been  pointed  out  in  an  earlier  birested  without 
series,*  which  discusses  the  digestibility  and  nutritive  v 
breakfast  foods  as  a  whole,  74  per  cent  of  the  protein,  90 
the  fat,  and  99  per  cent  ot  the  carbohydrates  of  com  breaK 
are  assimilated,  while  95  per  cent  of  the  energy  is  availablt^^  ^^  ^y^^ 
values,  it  will  be  seen,  are  very  similar  to  those  given  above  j.|y^  ^^j 

meal  mush,  etc.  ^eals  in 

An  extended  mmes  of  experiments  on  the  digestibility  o^.^^^  . 
bread  of  diireroiit  sorts,  including  hoecake,  johimycake,  and  Bob^on J 
brcAvn  bread,  was  also  carried  on  at  the  Maine  Experiment  Station.. 
In  every  case  the  same  sort  of  granulated  com  meal  was  used.  The  ' 
l)rown  bread  was  made  of  eciual  parts  of  com  meal  and  wheat  flour 
mixed  with  milk,  molasses,  l)aknig  powder,  and  a  little  salt.  It  was 
steamed  in  cans  for  four  hours.  The  johnnycake  was  made  of  equal 
l)arts  of  corn  meal  and  wlu^at  ilour,  with  suitable  quantities  of  milk, 
sugar,  baking  powder,  and  salt.  Neither  flour  nor  baking  powder 
was  used  in  the  preparation  of  hoecake.  The  meal  was  stirred  into 
boiling  water  until  a  tliick  pudding  was  formed,  which  was  immedi- 
ately spread  in  thin  sheets  upon  hot  well-greased  iron  plates  and 
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in  most  cases  will  doutbless  make  up  for  any  differences  in  e 
thoroughness  of  digestion. 

The  digestibility  of  any  ordinary  cereal  food  is  increased  by  the 
cooking,  as  this  tends  to  break  down  the  crude  fiber  of  the  eel 
and  changes  the  physical  or  chemical  nature  of  the  starch  so  t 
is  more  readily  acted  upon  by  the  digestive  juices.  The  more  eel 
a  food  contains  the  more  important  it  is  that  the  cooking  sho 
thoroughly  done,  and  so  the  desirability  of  properly  cooking  con 
is  obvious. 

Com  is  frequently  spoken  of  as  a  good  winter  food,  but  i 
'^heating"  or  '^heating  to  the  blood"  for  summer.  Just  what 
expressions  mean  is  not  easy  to  say.  Carefully  conducted  e 
ments  have  shown  that  as  a  rule  the  consumption  and  digest 
carbohydrates  and  fats  does  not  materially  increase  the  output 
body  heat,  but  that  protein  does  cause  an  increase  in  the  amoun 
ated  or  otherwise  given  off  by  the  body.  Generally  speaking,  hoi 
in  the  few  experiments  which  have  been  made  with  man  tl 
creased  liberation  of  heat  has  not  been  accompanied  by  a  sensat 
warmth.  Corn  is  not  a  typical  proteid  food,  as  its  protein  coni 
not  over  10  per  cent,  so  it  would  hardly  cause  an  appreciable  in 
in  the  output  of  heat  from  the  body  as  compared  with  wheat  or 
common  foods  also  supplying  the  different  classes  of  nutriei 
reasonable  proportion. 

Com  is  rich  in  fat  and  carbohydrates  and  so  is  a  fattening  fo 
its  extended  use  in  the  feeding  of  farm  animals  abundantly  d 
strates.  Fat  is  known  to  protect  the  body  from  extremes  of  ten 
ture  and  so  it  may  be  that  com  has  been  spoken  of  as  a  heating 
particularly  valuable  in  the  winter  diet,  on  account  of  its  fat-proc 
qualities  rather  than  because  of  any  specific  heat -producing  prop 

The  tenn  ''heating  foods "  seems  often  to  mean  simply  hearty 
that  is,  those  which  because  of  their  bulk,  the  length  of  tii 
remain  in  the  stomach,  or  for  other  reasons  delay  the.nonnal 
rence  of  hunger  for  a  longer  time  than  usual.  Some  com  c 
like  corn-meal  cakes  with  sirup,  or  the  crackling  bread  of  soi 
cooks  which  contains  the  pork  cracklings  or  scraps  left  after  1 
rendered,  are  unquestionably  hearty  foods,  but  no  more  so 
siniiliir  dishes  made  from  other  cereals.  Certainly  simple  com  1 
and  other  simple  com  dishes  do  not  seem  to  particularly  mer 
desi<^nation. 

In  this  connection  it  is  interesting  to  note  that  com  has  t 
been  a  more  important  foodstuff  in  the  southern  United  S 
Mexico,  and  the  Mediterranean  regions  than  in  corresponding  no: 
regions,  oven  where  it  is  a  common  market  commodity,  an* 
would  certainly  indicate  that  there  can  be  no  reason  for  sup; 
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that  cold  weather  is  more  appropriate  for  the  use  of  com  foods  than 
warm.  The  most  reasonable  deduction  from  available  data  is  that 
the  way  in  which  com  dishes  are  prepared  and  cooked,  and  the  foods 
with  which  they  are  combined  are  more  important  factors  than 
climate  in  regulating  the  use  of  these  foods,  and  that,  rightly  used, 
com  bread  and  other  corn  dishes  are  wholesome  at  all  seasons. 

A  curious  and  often  fatal  disease,  which  has  at  times  been  very 
prevalent  in  Italy  and  the  Balkans,  was  formerly  believed  to  be  due 
to  the  large  quantities  of  maize  eaten  by  the  poor  of  these  regions. 
This  disease,  which  in  Italy  is  called  pellagra,  begins  with  eruptions 
on  the  skin  and  in  later  stages  is  attended  by  serious  intestinal  and 
cerebral  disturbances,  and  often  terminates  fatally.  Carefully  con- 
ducted investigations  have  shown  that  this  disease  is  not  due  to  the 
maize  itself,  but  to  a  mold  or  fimgus  which  readily  grows  in  the  grain 
when  it  is  stored  in  damp  places,  as  is  conunonly  the  case  in  these 
regions,  and  which  in  its  growth  develops  poisonous  substances. 
Fortunately,  this  fimgus  has  never  infected  com  in  the  United  States, 
but  the  evils  which  attend  such  infection  emphasize  the  need  of  taking 
adequate  measures  to  prevent  it  and  show  the  advantages  of  thor- 
oughly sterilizing  the  grain,  as  by  kiln-drying,  before  it  is  used  by 
either  man  or  animals,  for  when  once  started  such  an  infection  is 
very  diflBcult  to  check. 

The  occasional  digestive  disturbances  which  are  noted  after  eating 
com  and  com  products  are  of  the  same  sort  as  occur  with  other  foods, 
and  may  be  due  to  overindulgence,  to  some  personal  idiosyncrasy,  or 
some  similar  cause,  and  may  be  left  out  of  account  in  considering 
the  general  question  of  the  wholesomeness  of  this  grain.  That  it  is 
wholesome  and  well  suited  to  its  numerous  uses  as  a  food  product  is 
abundantly  proved  by  its  long-continued  use  under  a  great  variety 
of  circumstances  and  conditions  and  the  high  opinion  in  which  it 
has  always  been  held.  Scientific  investigations  have  abimdantly 
justified  tho  popular  conclusions  on  the  subject. 

EAW  COEN  AS  AN  AETIGLE  OF  DIET. 

Any  extended  study  of  questions  concerned  with  the  selection  and 
use  of  foods  shows  tliat  such  topics  have  received  much  attention 
since  earliest  times,  and  that  many  widely  divergent  and  contradic- 
tor}- theories  h.^  e  been  proposed.  One  of  the  theories  which  has 
again  attracted  attention  is  that  cooking  decreases  the  value  of  food. 
R(igarding  corn  and  other  cereals,  the  upholders  of  this  theory  say 
that  not  only  is  tlte  health)^  body  able  to  digest  them  raw  but  also 
that  the  heat  of  cooking  greatly  decreases  their  nutritive  value  by 
destroying  the  '^  vital  principle  ^^  of  the  grain.  Exactly  what  this 
"vital  principle''  is  or  what  effect  it  has  on  the  body  is  not  explained. 
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Indeed,  aside  from  the  possible  value  in  some  cases  of  the  ferments 
present  in  the  raw  food,  there  is  no  experimental  evidence  to  support 
the  theory  nor  does  physiological  chemistry  give  any  ground  for 
believing  it.  Persons  of  healthy  digestion  can  undoubtedly  eat  raw 
cereals  in  reasonable  amounts  with  impunity,  provided  the  materials 
are  thoroughly  masticated  and  are  free  from  accidental  contamination 
from  dangerous  micro-organisms,  which  often  accompany  dust  and  dirt 
and  are  conveyors  of  disease.  Raw  starch  is  digested  in  the  body, 
but  it  is  much  more  difficult  to  break  down  the  cell  walls  protecting 
the  starch  in  raw  grains  than  it  is  when  they  have  been  cooked. 
In  cases  of  constipation  the  quantity  of  crude  fiber  and  the  coarse, 
mechanical  condition  of  this  raw  com  and  other  similar  cereal  prod- 
ucts may  sometimes  have  a  beneficial  eflFect,  but  judged  by  com- 
position and  digestibility  they  can  certainly  possess  no  advantage 
over  the  cooked  foods.  To  forego  the  advantages  produced  by  cook- 
ing seems  to  involve  a  useless  waste  of  digestive  energy  for  persons  of 
delicate  digestion,  if  not  for  all. 

PLAGE  OF  COEH  IH  THE  DIET. 

According  to  commonly  accepted  dietary  standards,  the  daily  food 
of  a  man  doing  light  to  moderate  muscular  work  should  provide  about 
0.23  poimd  of  protein  for  the  building  and  repair  of  his  body  tissues 
and  other  uses  and  3,000  calories  of  energy  for  his  bodily  activities. 
Of  course,  as  muscular  work  increases  or  decreases,  these  quantities, 
particularly  the  energy,  should  be  correspondingly  increased  or 
decreased.  Women  on  an  average  are  smaller  in  stature  than  men 
and  so  require  relatively  less  food,  as  do  also  children.  The  ideal 
diet  is  one  wliich  supplies  the  right  quantities  of  nutrients  in  the 
proper  proportion  and  in  an  appetizing  and  attractive  form,  while  at 
the  same  time  it  is  reasonable  in  cost. 

About  3  pounds  of  com  meal  would  furnish  the  protein  called  for 
by  the  above-mentioned  standard,  but  would  supply  with  it  about 
4,830  calories  of  energy  or  more  than  one  and  one-half  times  as  much 
as  is  required.  If,  on  the  other  hand,  the  amoimt  should  be  so 
reduced  that  only  the  desired  energy  is  supplied,  the  protein  furnished 
would  be  only  about  two-thirds  of  the  assiuned  requirements.  Thus, 
it  is  evident  that  com  contains  too  little  protein  in  proportion  to  its 
energy-yielding  constituents  to  be  a  well-balanced  food  when  used 
alone.  Even  if  it  furnished  the  proper  proportions  of  protein  and 
energ> ,  com  would  hardly  be  an  ideal  food  for  use  as  the  sole  article 
of  diet,  for  it  would  be  very  bulky,  3  pounds  of  com  meal,  when 
cooked  into  bread  or  mush,  representing  a  rather  formidable  amount 
of  food.  Moreover,  com,  or,  indeed,  any  other  single  food,  would  not 
long  seem  appetizing  to  a  person  accustomed  to  a  varied  diet,  and  it 
is  an  accepted  physiological  fact  that  appetizing  qualities  have  much 
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to  do  with  stimulating  tlie  activity  of  the  digestive  organs.  The  fact 
that,  under  stress  of  need,  people  have  lived  for  considerable  periods 
on  com  alone  does  not  prove  that  such  a  diet  is  to  be  recommended, 
but  rather  that  the  body  has  great  powers  of  adapting  itself  to  an 
emergency.  In  the  United  States  it  has  always  been  the  custom  to 
combine  com  with  other  foods  rich  in  protein,  as  such  combinations 
as  mush  and  milk,  Boston  brown  bread  and  baked  beans,  and  hominy 
and  fried  chicken  testif>^  and  these  combinations  are  more  rational 
than  either  food  used  alone.  The  Italians  often  mix  cheese  with  com 
in  making  polenta  or  mush,  and  thus  increase  the  protein  content,  as 
well  as  vary  the  flavor  of  the  dish.  Milk,  which  contains  considerable 
j)rotein,  is  also  commonly  used  with  com  meal  by  the  peasants  of 
southern  Italy;  and,  hideed,  it  may  be  said  to  be  a  general  rule  with 
corn  as  with  other  carbohydrate  foods  that  the  attempt  is  imiversally 
made  to  ])rovide  by  proper  food  combinations  the  protein  which  the 
body  seems  to  demand. 

.Vmong  the  negroes  and  mountaui  whites  of  the  southeastern  United 
States  large  quantities  of  corn  are  used  in  combination  with  salt  pork, 
sirup  or  molasses,  milk,  some  wheat  flour,  and  more  or  less  green 
vegetables  and  fruit.  The  common  designation  "hog  and  hominy" 
j)oints  out  the  leading  features  of  this  diet  and  suggests  its  faults. 
Salt  pork,  which  consists  almost  wholly  of  fat,  adds  very  materially 
to  the  energy  value  of  the  diet  without  adding  much  of  any  protein, 
and  none  of  the  other  foods  supply  enough  of  this  constituent  to  make 
the  diet  well  balanced.  Among  70  families  in  the  mountain  regions  of 
eastern  Tennessee  the  average  diet  yielded  0.18  pound  of  protein  and 
3,600  calories  of  energy  per  man  per  day,  which  is  77  per  cent  of  the 
protem  and  one-fifth  more  than  the  energy  suggested  by  the  dietary 
standard  referred  to  above  (see  p.  29).  In  this  diet,  which  was  cooked 
and  served  in  the  simplest  w-ays,  com  supplied  about  35  percent  of  the 
protein  and  30  per  cent  of  the  energy.  Similar  conditions  were  noted 
"n  ^)ir  *amilies  of  negroes  in  Alabama,  and  also  studied  ia  connection 
s  iiu  cue  nutrition  hivestigations  of  the  Office  of  Experiment  Stations. 
ril'"Tx  lis  a  whole,  the  people  who  live  very  largely  on  such  a  diet  do  not 
■i  -o  II  a.  "  '"'T-'  iiT'.iV.»>i  "wulition,  as  w^ell  nourished,  or  aspro- 
'•'•     '  ...      w    c»  r  more  fortunately  situated. 

- u,v;k  of  protein  and  too  great  a 

'     •»'' '^ow  much  to  poor  cooking, 

%>;..i..^  living  conditions  it  would 

^^^    Alabama  studies,  however, 

.   »   .>.  .    ^v.ixoral  sources  of  information, 

uid  more  efficient  work  attend 

—  •"»<^      When  the  com  was  more 

-     ■•  •■■     y     it'S    meat,  cowpeas,  and  other 
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legumes,  and  the  foods  were  better  prepared,  a  general  unprovement 
was  noted  in  the  Alabama  families,  as,  indeed,  it  generally  is  when  a 
better  and  more  generous  diet  is  made  possible  for  a  family  or  com- 
munity long  accustomed  to  opposite  conditions. 

With  a  mixed  diet  of  meat,  eggs,  milk,  vegetables,  fruit,  etc.,  such 
as  is  found  in  homes  in  the  United  States,  the  exact  proportion  of 
protein  to  energy  in  each  individual  food  material  is  of  less  conse- 
quence than  when  the  food  consists  of  two  or  three  materials  only. 
If  breakfast  with  its  bread  and  cereal  yields  too  little  protein  this 
will  ordinarily  be  offset  by  dinner  in  which  meat,  custard,  cheese, 
beans,  lentils,  or  similar  foods  will  probably  be  used.  In  such  a  diet 
as  this,  com  ordinarily  is  used  in  place  of  some  other  cereal  which  it 
approximates  in  composition,  and  the  diet  as  a  whole  is  usually  well 
balanced. 

One  good  feature  about  com  meal  is  that  it  can  be  made  into  an 
appetizing  bread  perhaps  rather  more  easily  and  quickly  than  wheat 
flour.  During  the  civil  war  large  quantities  were  used  by  the  soldiers 
of  both  armies  and  it  was  found  that,  although  the  meal  did  not  keep 
as  well  as  wheat  flour,  a  palatable  com  cake  could  be  made  from  it 
under  almost  any  conditions,  whereas  it  required  some  considerable 
experience  and  skill  to  make  even  fairly  edible  wheat  bread  with  the 
simple  utensils  wliicli  were  oftentimes  the  only  ones  available.  For 
the  same  reason  campers  and  others  who  live  for  any  length  of  time 
away  from  a  base  of  supplies  not  infrequently  prefer  com  meal  to 
wheat  flour,  especially  when  it  has  been  thoroughly  kiln-dried  (see 
p.  12).  It  lias  been  said  that  the  name  johnnycake  is  a  corruption  of 
journey  cake,  and  that  com  bread  was  so  called  because  it  could  be 
so  easily  prepared  on  the  road.  In  the  ordinary  household  with  its 
well-equipped  pantry  and  kitchen  this  feature  is  not  a  matter  of  as 
much  importance  as  it  would  be  under  other  conditions,  but  even 
here  com  bread  may  often  help  the  housekeeper  in  an  emergency 
more  easily  than  could  wheat  biscuits. 

Com  meal,  when  used  for  bread,  cakes,  porridge,  puddings,  etc., 
and  hominy  and  other  com  foods  are  cheap  and  apparently  well- 
digested  sources  of  both  protein  and  energy,  and  although  like  other 
cereal  foods,  not  well  fitted  to  supply  a  suitable  diet  if  used  alone, 
these  com  dishes  combine  readily  with  other  materials  to  form  a 
ration  which  is  in  accord  with  accepted  dietary  standards,  and  which 
is  at  the  same  time  palatable  and  wholesome.  The  com  dishes  which 
may  be  easih'  prepared  are  ver^^  numerous,  and  this  important  food- 
stuff might  well  be  used  more  frequently  than  is  at  present  the  case  in 
the  average  American  home,  to  give  an  inexpensive  variety  to  the 
diet  as  well  as  for  its  generally  valuable  qualities. 
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PECUHIAET  ECOH0H7  OP  COBH. 

The  relative  economy  of  different  food  materials  depends  not 
merely  on  the  price  per  pound  but  also  on  the  amount  of  digestible 
nutrients  wliich  a  given  sum  will  purchase.  Ten  cents  spent  for 
potatoes  will  yield  a  much  larger  bulk  of  food,  for  instance,  than  the 
same  sum  spent  for  flour,  but  so  great  a  proportion  of  potatoes  is 
water,  or  juice,  and  inedible  skin  that  the  body  actually  obtains  less 
than  half  as  much  protein  and  energy  as  from  10  cents'  worth  of  wheat 
flour. 

Table  6  compares  com  and  a  number  of  other  foods  as  sources  of 
digestible  protein  and  energy  when  valued  at  certain  assumed  average 
prices  per  poimd. 

Table  6. — Cost  of  nutrients  of  corn  and  of  other  food  materials  at  certain  asmmed  prices. 


Kind  of  material. 


Corn  meal,  granulated. . . 

Do 

llominy 

Samp 

Corn     breakfast     food, 

flaked  and  parched 

Wheat  flour 

Wheat  brciikfast  food . . . 

Wheat  bread 

Oatmeal 

Beuns,  white,  dried 

Corn,  green,  canned 

Potatoes,  60  cents  per 

bushel 

Beef,  sirloin 

Beef,  shoulder  clod 

Pork,  roast,  lean 

Pork,  salt,  fat 

Butter 

Cheese 

Milk,  7  cents  per  quart. . 


Price 

per 

pound. 

Cost  of 
1  pound 

of 
protein. 

Dollars. 

Cost  of 

1,000 
calories 

of 
energy. 

Amount  for  10  cents. 

Total 

food 

material. 

Protein. 

Fat 

Carbo- 
hydrates 

Energy. 

Cents. 

Dollars. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

aaories. 

2.6 

0.32 

0.02 

4.00 

0.31 

ao7 

2.96 

6,540 

3.0 

.44 

.02 

3.33 

.23 

.06 

2.48 

5,534 

4.0 

.62 

.02 

2.50 

.16 

.01 

1.97 

4  178 

5.0 

.78 

.03 

2.00 

.13 

.01 

1.57 

3,342 

13.0 

1.73 

.08 

.77 

.06 

.01 

.60 

1,335 

3.0 

.31 

.02 

3.33 

.32 

.03 

2.45 

5  440 

7.5 

.73 

.04 

1.33 

.13 

.02 

.96 

2,235 

5.0 

.64 

.04 

2.00 

.16 

.02 

1.04 

2  400 

4.0 

.29 

.02 

2.50 

.34 

.10 

1.06 

4,600 

5.0 

.29 

.03 

2.00 

.35 

.03 

1.16 

3,040 

10.0 

4.21 

.23 

1.00 

.02 

.01 

.18 

430 

1.0 

.67 

.03 

10.00 

.15 

.01 

1.40 

2,950 

20.0 
9.0 
12.0 
12.0 
25.0 
16.0 

1.28 
.57 
.92 

6.67 

25.00 

.64 

.20 
.13 
.10 
.03 
.07 
.08 

.50 
1.11 
.83 
.83 
.40 
.63 

.06 
.18 
.11 
.02 

.06 
.10 
.19 
.68 
.32 
.20 

516 

795 

1,035 
2,950 
1,365 
1,185 

.16 

.02 

3.5 

1.09 

.11 

2.85 

.09 

.11 

.14 

885 

The  first  column  of  figures  in  the  table  shows  the  assumed  price  per 
pound,  the  second  and  third  compare  the  foods  at  these  assumed  prices 
as  sources  of  protein  and  energy,  while  the  remaining  colunms  show 
the  amounts  of  nutrients  and  energy  which  10  cents  expended  for  the 
foods  at  the  stated  prices  per  pound  would  furnish. 

Of  the  foods  included,  corn  meal,  oatmeal,  and  wheat  flour,  it  vnll 
be  seen,  are  the  cheapest  sources  of  protein  with  the  exception  of 
dried  beans,  and  also  of  energy  with  the  exception  of  potatoes  and  salt 
pork.  Corn  meal  sells  at  a  lower  price  than  hominy  or  samp;  and,  as 
they  all  have  practically  the  same  composition  and  so  furnish  nearly 
the  same  amounts  of  protein  and  energy  per  pound,  it  is  obvious  that 
the  meal  is  more  economical  than  these  products.  The  specially 
prepared  com  breakfast  foods  included  in  the  table  are  more  than 
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twice  as  expensive  sources  of  protein  and  energy  as  hominy 
and  still  more  expensive  as  compared  with  com  meal. 

From  this  table  it  would  appear  that  the  low-priced  whe 
in  reality  fully  as  cheap  as  com  meal,  and  this  is  undoubt 
when  these  foods  are  brought  xmder  ordinary  market  cone 
most  parts  of  the  country.  In  remote  sections,  however,  su 
mountain  districts  of  our  southeastern  Staters,  where  climate  i 
conditions  are  favorable  to  the  production  of  com,  where  mill 
ties  are  primitive  and  communication  with  other  regions  di 
requires  a  smaller  outlay  for  a  man  to  furnish  his  family  a 
than  with  wheat.  In  the  dietary  studies  made  among  the 
mountaineers  already  referred  to,  20  per  cent  of  the  total  fo< 
the  form  of  com  and  the  total  cost  of  the  food  per  man  per  di 
from  3  cents  to  16  cents,  the  average  being  9  cents.  In  2 
made  in  an  especially  remote  district  of  eastern  Tennessee  th 
cost  w  as  only  7  cents,  and  with  these  fanulies  com  was  also  t 
food.  Whatever  one  may  think  regarding  the  ultimate  phy 
and  sociological  value  of  such  a  diet,  there  can  be  no  two 
regarding  its  immediate  cheapness. 

Throughout  Europe  more  intensive  cultivation  is  requires 
the  United  States,  and  wheat  commands  relatively  a  mu< 
price  than  com  where  the  latter  is  a  market  commodity, 
also  a  difference  on  the  side  of  wheat  in  the  United  States, 
less  than  it  was  formerly,  for  during  the  last  fifty  years  th< 
corn  has  risen  while  that  of  wheat  has  decreased.  Pereira  i 
writing  as  early  as  1850,  reported  that  a  bushel,  or  p.bout  60  p 
good  com  could  be  bought  for  about  56  cents,  and  that  a  pouj 
would  yield  from  2.5  to  3  pounds  of  food,  so  that  "if  an  i 
could  live  on  this  alone  his  annual  expense  for  food  would 
or  say  $15  for  a  family  of  five.''  According  to  c,he  dietary  g 
previously  referred  to  it  would  require  nearly  3  pounds  c 
furnish  the  necessary  protein;  but  even  so,  a  man  in  1) 
had  been  possible  for  him  to  subsist  on  com  alone,  wo 
expended  but  3  cents  a  day,  or  $10.95  a  year,  and  at  presen 
prices  for  com  such  a  diet  would  cost  about  the  same.  Th< 
lations  are  interestmg  as  illustrations  of  the  relation  betweei 
and  nutritive  value  of  an  miportant  foodstuff,  but,  of  cours 
imply  that  it  would  be  possible  or  desirable  for  a  person  i 
com  or  any  other  single  foodstuff. 

Food  materials  of  nearly  all  kinds  are  more  expensive  i 
:  han  in  the  United  States,  and  the  diet  of  many  persons,  pa: 
those  of  limited  means,  are  very  much  less  generous  or  vai 
than  here.     Rye  bread  and  milk  or  cheese  with  some  v 

a  Troatiso  on  Food  and  Diet.     New  York,  1850,  p.  161. 
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constitute  the  bulk  of  the  food  throughout  large  regions  of  northern 
Europe.  Com  meal  from  the  United  States  could  be  sold  in  these 
regions  even  more  cheaply  than  the  rye  or  other  cereals  so  extensively 
used  at  present,  and  both  the  United  States  and  the  European  govern- 
ments have  tried  to  introduce  com  as  a  substitute  for,  or  a  supple- 
ment to,  other  cereals;  but  in  spite  of  its  cheapness  the  people  have 
not  taken  to  it  any  too  kindly,  in  part,  doubtless,  because  the  home- 
grown com  with  which  they  are  f amiUar  is  of  inferior  quality,  and  in 
part  because  they  are  ignorant  of  the  proper  ways  of  preparing  and 
cooking  it  and  do  not  understand  how  to  make  from  the  com 
dishes  which  arc  similar  to  those  which  they  prepare  from  other 
grains.  Such  difficulties,  however,  should  not  be  insurmountable,  for 
the  use  of  corn  has  become  widespread  in  China  and  other  parts  of  the 
East,  and  the  differences  in  dietary  habits  which  were  overcome 
before  this  was  possible  must  have  been  greater  than  those  which 
exist  between  the  Europeans  in  question  and  ourselves.  It  would  be 
of  mutual  advantage  to  American  producers  and  European  con- 
sumers if  such  difficulties  could  be  set  aside,  and  it  seems  probable 
that  eventually  this  will  bo  accomplished. 

GEEEN  GOEH. 

Green  corn  or  sweet  com  is  commonly  spoken  of  as  a  distinctively 
American  dish,  but  this  is  not  really  the  case,  although  the  cultiva- 
tion of  certain  varieti(\s  for  use  as  green  vegetables  is  much  more 
common  here  than  elsewhere.  Green  com  is  little  known  in  the 
northem  and  western  parts  of  Europe,  though  it  may  be  found,  for 
instance,  in  the  large  London  markets,  and  canned  com  is  obtainable 
in  many  European  cities.  In  the  Balkan  regions,  however,  the 
unripe  ears  are  roasted  and  considered  a  delicacy  as  with  us.  In  his 
report  for  1901  the  commissary-general  of  the  United  States  Army 
states  that  the  American  troops  sent  to  the  relief  of  Peking  obtained 
green  com  from  the  natives  along  the  line  of  march  and  notes  that 
the  Chinese  frequently  cooked  it  on  the  cob,  though  they  regard  it 
more  as  a  fniit  than  as  a  vegetable.  In  Africa  and  Australia,  where 
corn  is  extensively  grown,  the  unripe  ears  are  used  as  food,  though 
not  as  gon(TaHy  as  in  the  United  States  and  Canada.  A  recent  pub- 
Ucation^  notes  the  extended  use  of  both  green  and  ripe  com  by 
^Vfrican  natives  who  cultivate  com  and  a  number  of  other  food  plants. 
The  article  further  states  that  they  are  accustomed  to  chew  the  green 
succulent  com  stalks,  which  are  sweet,  as  they  do  sugar  cane. 

As  everyone  knows,  the  special  varieties  of  com  which  are  charac- 
terized by  a  sweet  taste  arc  most  prized  for  use  as  a  vegetable,  and 
analysis  shows  that   these   varieties   actually  contain  considerably 

o  Jour.  Trop.  Med.  I/>ndon,  10  (1907),  p.  167. 
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more  sugar  than  com  raised  for  other  purposes.  Taking  the  average 
of  a  number  of  analyses,  5  per  cent  sugar  and  15  per  cent  dextrose  and 
other  soluble  carbohydrates  have  been  reported  in  ripe  sweet  com  af 
compared  with  3  per  cent  sugar  and  3  per  cent  dextrose  and  other  solu- 
ble carbohydrates  in  the  varieties  of  com  commonly  raised  for  feed- 
ing purposes  and  for  manufacture  into  meal.  The  Massachusetts 
experiment  station  has  reported  0.8  per  cent  cane  sugar  and  0.4  pel 
cent  glucose,  making  1.2  per  cent  total  sugar  as  the  average  amounts 
present  in  a  large  number  of  samples  of  sweet  com  gathered  wher 
just  ready  for  the  table.  Much  higher  values  than  these  have  beer 
noted  in  individual  samples. 

Com  on  the  cob  is  not  very  convenient  to  serve  or  eat  and  thi 
method  of  cooking  it  would  doubtless  have  been  abandoned  long  ag( 
if  cutting  the  kernels  from  the  cob  before  cooking  did  not  materially 
modify  the  flavor.  In  household  practice  it  is  usually  more  convenient 
to  boil  the  ears,  but  in  old-fashioned  fireplaces  or  at  camp  fires  roasting 
is  a  deservedly  popular  method  of  cooking  com.  Green  com,  like  othei 
vegetables,  is  at  its  best  when  freshly  gathered.  It  is  commonlj 
believed  that  corn  which  has  been  picked  any  considerable  time  ii 
not  as  sweet  as  that  which  is  freshly  gathered.  That  this  is  actually 
the  case  was  proven  by  recent  investigations  by  the  Bureau  of  Chem 
istry  of  this  Department,  which  showed  that  sugar  disappears  fron 
the  kernels  very  rapidly  after  the  ear  is  separated  from  the  stalk,  anc 
within  24  hours  after  harvesting,  if  exposed  to  ordinary  tempera 
ture,  is  almost  entirely  absent.  The  season  of  com  is  more  nearly 
limited  to  the  season  of  maturity  in  a  given  region  than  tha 
of  almost  any  other  common  vegetable,  for  it  can  not  be  storec 
for  any  considerable  time  in  good  condition,  even  with  modem  appli 
ances,  and  com  grown  in  warm  climates  and  shipped  long  distance 
to  our  winter  markets  is  very  expensive  and  rather  imcertain  as  to  it 
quality.  Com,  however,  may  be  readily  canned  on  a  commercia 
scale,  and  when  this  is  properly  done  it  retains  many  of  its  desirabl* 
qualities.  It  is  not  surprising,  therefore,  to  find  that  canned  com  i 
one  of  the  most  popular  canned  vegetables.  In  canning  com  th< 
process  is  much  the  same  as  that  followed  with  other  vegetables.  Th» 
kernels  cut  from  the  cob  and  salted  are  sterilized  in  sealed  cans,  th- 
aim  being  to  apply  the  heat  in  such  a  way  and  for  such  a  time  that  th 
micro-organisms  causing  decay  will  be  destroyed,  while  at  the  sam« 
time  the  process  is  so  regulated  that  the  flavor  and  appearance  ar 
changed  as  little  as  possible.  For  a  long  time  the  attempts  whicl 
were  made  to  can  com  on  the  cob  were  not  very  successful,  but  meth 
ods  have  been  improved,  and  com  canned  on  the  cob  is  becoming  ai 
important  article  of  conmierce. 

Succotash,  a  mixture  of  unripe  com  and  beans  cooked  together,  i 
a  dish  which  was  borrowed,  name  and  all,  from  the  Indians,  and  ha 
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been  a  favorite  since  colonial  times.  To  vary  their  winter  diet,  the 
colonists  often  cooked  dry  ripe  com  and  beans  together,  but  such  a 
dish  does  not  possess  the  palatabihty  of  that  made  from  green  com. 
Com  with  tomatoes  is  another  mixture  which  many  persons  like  and 
which  is  quite  commonly  served.  Canned  com  with  tomatoes  is  on 
sale,  but  is  much  less  common  than  canned  succotash  or  canned  com 
alone.  Small  immature  ears  of  unripe  com  are  sometimes  used  in 
mixed  pickles,  particularly  in  Europe,  and  rielishes  are  also  made  in 
the  United  States  from  green  com,  both  as  a  domestic  article  and 
commercially.  The  amount  of  green  com  used  for  such  purposes, 
however,  is  ver^^  small  compared  with  that  used  fresh  or  canned. 

Table  7,  which  follows,  shows  the  composition  of  green  com,  fresh 
and  canned,  succotash,  and  com  and  tomatoes,  and  also  includes 
for  purposes  of  comparison  similar  data  for  some  other  common 
vegetables. 

Table  7. — Average  compodtion  of  green  com  and  other  vegetables. 


Kind  of  material. 


Groen  com  on  cob,  as  purchased . . . 
Green  corn  on  cob.  edible  portion. . 

Green  corn,  canned , 

Green  com  and  tomatoes,  canned. , 

Succotash,  caimed , 

Beans,  Lima,  fresh,  as  purchased. . 
Beans,  Lima,  fresh,  edible  portion  , 

Potatoes,  as  purchased 

Potatoes,  edible  portion 

Tomatoes,  fresh 


Refuse. 


Perct. 
OLO 


55.0 
'26.0 


Water. 


Perct. 
29.4 
75.4 
76.1 
87.6 
75.9 
30.8 
68.5 
62.  6 
78.3 
94.3 


Pro- 
tein. 


Perct. 
1.2 
3.1 
2.8 
L6 
3.6 
3.2 
7.1 
L8 
2.2 


Total  carbo- 
hydrates. 


Fat. 


jS^'  Crude 
»^^'     fiber. 


Perct. 

Perct. 

P 

0.4 

7.7 

LI 

19.2 

L2 

18.2 

.4 

9.1 

LO 

17.7 

.3 

9.1 

.7 

20.3 

.1 

14.7 

.1 

18.0  1 

.4 

3.3 

Perct. 

0.6 
.8 
.6 
.9 
.8 

L7 

.4 
.G 


Ash. 


Peret. 

as 

.7 
.9 
.8 
.9 
.8 

L7 
.8 

1.0 
.6 


Fuel 
value 

per 
pound. 


Cat- 
aries. 
180 
470 
455 
225 
455 
255 
570 
310 
385 
105 


Youn^  corn  contains  on  an  average  a  little  more  protein  and  starch 
and  a  little  less  sugar  and  cellulose  than  the  mature  grain,  but  differs 
chiefly  from  the  dry  ripe  corn  in  containing  much  larger  percentages 
of  water.  It  furnishes  about  as  much  food  material,  pound  for 
pound,  as  potatoes,  but  its  nutritive  value,  as  with  all  fresh  vegeta- 
bles, is  low  compared  with  that  of  such  foods  as  dry  ripe  beans  or  the 
cereal  grains.  AMien  purchased  on  the  ear  it  includes  over  60  per 
cent  inedible  portion  or  refuse,  whereas  the  amount  lost  with  the 
skin  of  potatoes  is  usually  only  20  per  cent.  Considering  the  com- 
paratively high  price  of  green  corn  of  good  qualit}^  in  the  markets  of 
large  towns  and  cities,  it  is  certainly  a  more  expensive  food  than 
potatoes  or  some  other  vegetables.  If  grown  in  the  home  garden, 
however,  such  comparisons  do  not  hold,  and  under  any  usual  circum- 
stances it  is  a  reasonably  economical  vegetable  when  in  season. 
Like  most  green  vegetables  it  is  more  valued  for  its  palatability  and 
for  the  pleasant  variety  wliich  it  gives  to  the  diet  than  for  the  nutri- 
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ents  which  it  supplies,  and  is  certainly  not  expensive  as  compared 
with  other  foods  of  this  class. 

It  is  often  stated  that  green  com  is  very  indigestible.  If  the  ears 
are  not  fresh  and  of  good  quaUty  the  com  may  cause  digestive  dis- 
turbances, particularly  if  improperly  cooked ;  and,  as  is  the  case  with 
almost  any  other  food,  overindulgence  may  be  followed  by  xmpleas- 
ant  consequences.  When  eaten  from  the  cob  green  com  is  often  not 
thoroughly  masticated  and  the  kernels  or  the  skin  which  covers  them 
often  pass  through  the  body  apparently  unchanged.  While  of 
course  this  lessens  the  amount  of  nutritive  material  which  the  body 
obtains  from  the  com,  there  is  no  reason  to  suppose  that  this  is  harm- 
ful for  a  healthy  person;  but  if  desired  the  condition  may  be  very 
largely  avoided  by  running  a  knife  lengthwise  along  the  rows  and 
splitting  the  skins  of  the  kernels  before  they  are  eaten. 

A  digestion  experiment  made  at  Wesleyan  University,  Middletown, 
Conn.,  by  Bryant  and  Milner,  in  connection  with  the  nutrition 
investigations  of  the  OflBce  of  Experiment  Stations,  showed  that 
green  com  when  eaten  in  considerable  quantity  as  a  part  of  a 
simple  mixed  diet  was  fairly  well  assimilated,  about  84  per  cent 
of  the  protein  and  97  per  cent  of  the  carbohydrates  which  it  supplied 
being  retained  by  the  body,  and  on  the  whole  it  compared  favorably 
with  other  vegetables  which  were  studied  at  the  same  time.  Such 
data  are  too  limited  for  general  deductions,  but  taken  in  connec- 
tion with  the  almost  universal  experience  that  green  com  when 
well  cooked  is  a  wholesome  vegetable,  they  indicate  that  it  does' 
not  deserve  the  reputation  for  '^indigestibility"  sometimes  ascribed 
to  it. 

Succotash  and  com  and  tomatoes  are  similar  in  composition  to  the 
vegetables  of  which  they  are  composed,  while  canned  com  has 
practically  the  same  composition  as  the  freshly  cooked  product. 

Green  corn,  both  fresh  and  canned,  is  often  used  for  making  soups, 
fritters,  and  other  dishes,  and  in  this  way  adds  to  the  palatability 
and  variety  of  the  diet. 

SUMMAET. 

Although  a  native  of  the  new  world  and  first  extensively  culti- 
vated tliere,  Indian  corn  or  maize  is  now  grown  very  generally  wher- 
ever the  climate  permits.  In  the  United  States  com  is  by  far  the 
most  important  cereal,  and  is  grown  in  every  State,  though  the  south- 
eastern and  middle  western  sections  are  the  great  com  regions.  The 
greater  part  of  the  com  crop  is  used  for  feeding  live  stock  and  poultry, 
or  for  starch  making  or  other  manufacturing  purposes.  Neverthe- 
less, com  has  always  been  and  still  is  a  favorite  and  very  important 
source  of  human  food  in  America,  and  especially  in  the  South  Atlantic 
States,  where  it  ranks  with  wheat  as  a  breadstuff. 
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The  germ  of  com  makes  up  an  imusually  large  percentage  of  the 
kernel  as  compared  with  most  grains,  and  as  the  germ  is  yery  rich  in 
fat  the  grain  as  a  whole  is  characterized  by  an  unusually  large  pro- 
portion of  this  constituent.  The  proportion  of  protein  is  also  fairiy 
high.  Carbohydrates,  particularly  starch,  make  up  the  greater  part 
of  the  nutritive  material  of  com,  as  of  other  cereals.  Until  about 
fifty  years  ago  com  was  simply  ground  and  then  bolted  or  sifted  at 
the  mill  or  at  home  in  making  meal  for  cookery,  but  now  it  is  usually 
kiln-dried  and  deprived  of  the  outer  skin  and  germ  before  grinding. 
The  modem  granulated  com  meal  is  bolted  to  free  it  from  offal  prod- 
ucts and  is  finer  and  keeps  better  than  the  old-ff^shioned  sort,  though 
it  does  not  differ  from  it  very  materially  in  composition  except  that 
it  contains  a  little  less  fat  and  crude  fiber.  The  removal  of  the  com 
oil  modifies  the  flavor,  though  it  imdoubtedly  improves  the  keeping 
qualities.  In  general,  com  meal  contains  a  little  more  fat  and  starch 
and  a  Uttle  less  protein  than  wheat  flour,  but  after  all  it  resembles 
this  staple  foodstuff  quite  closely  in  chemical  composition. 

Tlie  changes  brought  about  in  com  by  the  heat  of  cooking  are 
much  the  same  as  those  observed  in  other  cereal  grains.  Thus,  the 
cell  walls  made  up  of  indigestible  crude  fiber  are  softened  and  broken 
down  and  so  the  starch  inside  may  be  more  readily  reached  by  the 
digestive  juices.  Heat,  with  or  without  the  presence  of  water,  changes 
some  of  the  insoluble  starch  into  forms  which  are  easily  dissolved,  a 
condition  favorable  for  digestion.  Cooking  has  further  advantages 
in  that  it  improves  the  flavor  of  com  and  thoroughly  sterilizes  it,  a 
matter  which  may  be  very  important  under  some  conditions. 

Com  protein  does  not  contain  the  elastic,  tenacious  gluten  which 
is  characteristic  of  wheat  protein  and  so  com  meal  does  not  give  a 
light  porous  loaf  with  yeast.  For  this  reason  com  meal  alone  is  sel- 
dom used  for  raised  bread,  but  is  usually  baked  in  thin  cakes  which 
are  granular  rather  than  porous,  although  such  leavening  material 
as  egfir^  ^^'ir  m'lk  with  sod**  '^^^...  may  be  used  in  making  the  batter. 
^Hip,       ,       .  .«     c  T«iv'>'     r   ir    i-S^qf  flour  or  rye  flour  the  dou^ 

••      %  of  which  "rye  and  Indian" 

»• •  -IP ^«ble  when  slowly  cooked  in 

-  •   '^-    used  for  making  mush  or 

■V  '    •  ^...imniy^"  this  dish  used  to  be 

•    ^        ^-  i'  -'^^11  '^Titiy  served  as  a  supper 


■'     --   iiixeiy  groimd  than  com 

m/^nly  used  as  a  break- 

'u^doij   lioai/.    Hominy  is  now 

'^  ^erm.    like  other  similar 

-     ..  ^-^ontinued  and  th«»ou|E^ 
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Hulled  com  is  an  old-fashioned  dish  in  which  the  kernels,  instead 
of  being  ground  or  degerminated,  are  steeped  in  lye  until  the  hulls 
are  loosened,  soaked  in  clear  water  until  free  from  alkali,  and  then 
boiled  until  soft  and  tender. 

There  are  various  proprietary  breakfast  foods  made  from  com.  In 
most  of  these  the  grain  has  been  cooked  until  tender  and  then  rolled 
or  flaked  and  sometimes  parched  with  or  without  the  addition  of 
malt  or  other  flavoring  material. 

Small  hard  varieties  of  com  when,  shaken  over  a  hot  fire  pop  or 
burst  to  a  white,  light  mass,  owing  to  the  sudden  expansion  to  steam 
of  moisture  in  the  cells  making  up  the  interior  of  the  grain.  Popped 
com  is  sometimes  used  at  table,  but  is  usually  eaten  out  of  hand. 
The  total  amount  consumed  is  fairly  large.  Varieties  of  com  which 
will  not  pop  are  sometimes  parched  and  eaten  and  are  also  used  as  a 
coffee  substitute. 

Cornstarch  has  long  been  an  important  foodstuff  commonly  used  for 
making  puddings  and  desserts  and  for  invalid  cookery.  Glucose  made 
from  cornstarch  is  a  very  common  commercial  product.  The  use  of 
com  oil  as  a  culinary  fat  is  comparatively  recent  but  seems  promising. 

Com  meal  and  other  com  products  are  used  in  making  an  endless 
variety  of  batter  breads,  cakes,  and  other  dishes  for  which  recipes 
may  be  found  in  books  devoted  to  cookery. 

Unripe  or  green  com  is  frequently  used  as  a  vegetable,  particularly 
in  America.  Like  all  green  vegetables  it  is  succulent  and  contains  a 
smajl  amount  of  nutritive  material  in  proportion  to  its  bulk,  being 
esteemed  for  its  pleasing  flavor  and  the  variety  which  it  gives  to  the 
diet  rather  than  for  its  direct  food  value.  Com  canned  alone  or 
mixed  ^^^th  beans  or  tomatoes  is  a  common  commercial  product, 
reasonable  in  price,  and  a  useful  addition  to  the  list  of  vegetables, 
particularly  in  the  winter  diet. 

Careful  experiments  made  to  test  the  digestibility  of  com  indicate 
that  the  carbohydrates  are  almost  completely  utilized  by  the  body 
no  matter  how  the  grain  is  cooked.  The  method  of  preparation, 
however,  apparently  makes  considerable  difference  in  the  digesti- 
bility of  the  protein.  Thin,  porous  com  bread,  such  as  johnnycake, 
and  even  the  thick  loaves  of  Boston  brown  bread,  made  of  equal  parts 
of  corn,  rye,  and  wheat,  furnish  as  large  a  proportion  of  digestible 
protein  as  white  wheat  bread  raised  with  yeast.  On  the  other  hand, 
the  protein  of  hoecake  (com  meal  mixed  with  water  and  baked  in 
thin  sheets)  has  been  found  to  be  slightly  less  digestible  than  that  of 
wheat  bread,  while  the  protein  of  hasty  pudding  and  boiled  hominy 
is  only  about  73  per  cent  digestible  as  compared  with  83  to  86  per 
cent  in  the  above-mentioned  types  of  com  bread. 

The  com  breakfast  foods  and  other  com  products  have  much  the 
same  digestibility  as  com  meal  when  cooked  in  similar  ways.     The 
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variations  which  have  been  noted  with  the  different  com  breads  and 
other  com  dishes  are  of  the  same  character  as  those  observed  with 
similar  foods  made  from  wheat  flour  of  different  sorts. 

Com,  though  a  wholesome  and  very  useful  foodstuff  which  may 
be  cooked  in  many  ways,  is  not  likely  to  replace  wheat  as  a  leading 
breadstuff  where  the  latter  can  be  obtained,  as  wheat  bread  is  com- 
monly considered  to  be  more  appetizing  for  everyday  use  and  has  an 
advantage  in  that  it  keeps  for  a  longer  time  in  good  condition  after 
baking.  Com  breads,  however,  give  a  pleasant  variety  to  the  diet, 
and  being  more  easily  and  quickly  made  than  wheat  bread  are 
especially  useful  when  hot  bread  is  wanted  and  time  is  limited.  Corn 
breads  and  com  cakes  are  so  easily  made  that  they  are  favorites  in 
camps  and  wherever  cooking  appliances  are  few  and  simple. 

Wliere  conditions  are  especially  favorable  to  com  cultivation,  as  in 
the  mountain  districts  of  the  southeastern  United  States,  some  parts 
of  Italy,  and  the  Balkan  regions  of  Europe,  com  is  often  the  staple 
cereal  food  and  not  infrequently  the  principal  article  of  diet  for  the 
poor.  In  times  of  distress  people  have  lived  on  this  grain  alone  for 
considerable  periods,  but,  like  other  grains,  it  contains  too  little  protein 
in  proportion  to  its  fat  and  carbohydrates  to  supply  the  body  with 
nutritive  material  in  the  proper  proportion,  and  it  should  be  com- 
bined with  materials  rich  in  protein,  such  as  lean  meat,  milk,  cheese, 
dry  beans,  etc.  When  thus  combined  it  is  a  healthy,  nutritious,  and 
inexpensive  food  and  has  been  proved  by  common  experience  to  be 
wholesome,  palatable,  and  a  welcome  addition  to  the  diet. 

Considering  all  of  its  uses,  com  is  one  of  the  most  important  cereal 
foods  from  the  standpoint  of  palatability,  nutritive  value,  and 
digestibilit3^  It  may  be  prepared  for  the  table  in  a  great  variety  of 
ways,  and  in  some  form  or  other  is  deservedly  used  in  the  majority  of 
American  homes. 
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DIVERSIFIED  FARMING  UNDER  THE  PLANT 

TION  SYSTEM. 


INTKODTJCTION. 

At  sundry  times  and  at  various  places  much  of  the  farm  Ian 
this  countn'  has  been  devoted  to  the  growing  of  one  particular  c 
If  for  a  series  of  years  a  certain  crop  brings  a  high  price,  many  fan 
are  likely  to  plant  large  areas  of  that  crop,  and  often  the  entire  i 
is  given  over  to  it.  Again,  certain  soils  in  certain  climates 
themselves  peculiarly  to  the  best  development  of  a  certain  crop, 
hero  also  the  entire  acreage  is  likely  to  be  in  that  particular  crop 

Without  disputing  the  good  points  of  such  practice,  such  as 
profits  secured  at  times,  the  possibility  of  establishing  a  reputatio: 
a  certain  product,  the  thorough  knowledge  obtained  of  a  parti( 
crop  and  its  peculiarities,  and  the  small  equipment  of  machi 
required  for  it,  it  is  only  necessary  to  point  out  some  of  the  evil  t\ 
of  the  system  in  order  to  convince  most  people  of  its  harmfulnes 

One  result  of  the  continued  cultivation  of  a  single  crop  is  th 
fection  of  the  soil  with  spores  of  fungous  diseases  peculiar  to  the  f 
grown.  The  practice  also  results  in  a  rapid  depletion  of  soil  ferti 
In  unfavorable  years — years  of  frost,  of  drought,  of  much  rail 
insect  attacks,  or  of  very  low  prices — the  farmers  who  depend  i 
one  crop  are  brought  to  a  realization  of  the  value  and  the  nec( 
of  diversification. 

In  the  l^nit^d  States  there  have  been  many  examples  of  this 
of  diversification,  and  also  many  examples  of  the  resulting  evils, 
the  Central  States  com  was  grown  for  many  years  on  the  same 
until  low  prices  and  low  yields  compelled  the  farmers  to  diversify, 
the  North  and  the  Northwest  wheat  was,  and  in  many  places  is 
almost  the  only  crop  grown.  Many  farmers  who  depended  up< 
alone  went  out  of  business  during  several  successive  unfavoi 
periods.  Similar  results  have  been  observed  at  various  times 
cotton,  sugar  cane,  rice,  potatoes,  hops,  grapes,  peaches,  ap 
onions,  and  other  crops.  Just  recently  a  disease  has  been  f< 
upon  melons  which  may  make  it  more  profitable  to  grow  some  < 
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crop  for  a  few  years.  There  is  also  a  root-rot  appearing  upon  rad- 
ishes which  may  necessitate  the  abandonment  of  that  crop  upon 
infected  soils.  So,  also,  the  ravages  of  the  boll  weevil  are  compelling 
the  southern  farmer  to  diversify.  If  the  boll  weevil  causes  both  the 
upland  and  the  bottom-land  farmers  of  the  South  to  diversify  and 
rotate  their  crops,  it  will  prove  to  be  not  an  unmixed  evil. 

Upland  farmers  take  more  readily  to  diversification  and  rotation 
than  do  the  river-bottom  planters,  and  for  several  reasons.    In  the 
first  place  their  soils  are  poorer,  and  a  rotation  of  crops  is  impera- 
tive in  order  to  obtain  any  reasonable  yield,  while  the  bottom  soils ' 
have  such  a  mine  of  fertility  in  and  beneath  them  that  it  is  often 
many  years  before  there  is  any  noticeable  decrease  in  yield,  even 
where  only  one  crop  is  p^rown.     The  average  number  of  acres  to  the 
owner  is  less  on  the  liill  than  on  the  bottom  land  and  the  tenants  are 
fewer  in  number.    The  liill  farmers  usually  live  upon  their  farms,  while 
the  bottom-land  planters  as  a  rule  reside  in  town,  where  it  is  impossible 
for  them  to  keep  an  eye  upon  all  the  details  of  a  diversified  system  of 
farming.     Besides  being  in  a  position  to  better  oversee  the  work,  the 
hill  farmers  also  do  more  of  their  own  work,  and  this  is  an  important 
factor  in  diversification.     It  can  hardly  be  expected  that  a  class  of 
tenants  whose  crop  of  cotton  often  grows  in  spite  of,  rather  than 
because  of,  them  will  make  a  success  of  live  stock,  truck,  or  fruit 
growing — complex  industries  which  require  a  more  thorough  knowl- 
edge of  scientific  agriculture.     After  tenants  have  been  instructed 
how   to  handle  such  ])roducts  and    have    become  accustomed  to 
them   there  will  be  less  difficulty  in  planning  for  diversification. 
The  bottom-land  planters  usually  keep  only  enough  live  stock  to 
carry  on  the  work  of  the  plantation,  while  it  is  no  unconmion  thing 
to  find  a  hill  farm  with  twenty  to  thirty  head  of  cattle,  an  equal 
number  of  swine,  arid  several  head  of  mule  or  horse  colts.     The 
keeping  of  live  stock  necessitates  growing  more  forage  crops;   con- 
se(]uently  more  of  the  total  acreage  of  the  farm  must  be  devoted  to 
the  raising  of  this  feed.     These  forage  crops  are  fed  to  the  live  stock, 
and  the  manure  is  returned  to  the  soil,  thus  preserving  its  fertility. 

The  planters  maintain  that  because  of  the  roving  tendency  of  the 
tenant  class  they  can  not  plan  for  diversified  farming.  This  roving 
is  partly  due  to  the  desire  of  the  tenant  to  better  himself,  each  man 
wanting  to  work  where  he  can  make  the  most  money.  In  the  two 
examples  cited  later  the  planters  say  that  to  hold  their  tenants  all 
they  have  to  do  is  to  show  that  the  tenants  can  make  more  on  that 
particular  plantation  than  upon  any  other.  The  planters  do  this  by 
encouraging  their  men  to  fix  up  their  homes,  so  that  they  will  be 
homes  in  the  true  sense  of  the  word,  to  grow  as  much  as  possible 
upon  their  holdings  of  what  they  need  to  eat,  to  keep  more  or  less 
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live  stock,  and  to  raise  forage  for  that  stock.  And  then  the  planters 
advise  them  to  grow  such  crops  as  will  bring  in  money  at  various 
seasons  of  the  year.  It  is  no  trouble  to  hold  a  tenant  with  such 
surroundings  and  with  another  pay  day  only  a  few  weeks  ahead, 
but  it  is  very  easy  to  lose  one  when  there  is  only  an  annual  pay  day, 
as  is  the  case  when  cotton  is  the  only  money  crop. 

One  of  the  main  reasons  for  this  lack  of  diversification  is  the  lack 
of  forehandedness  among  the  tenant  class  and  the  disinclination  of 
the  planters  and  the  merchants  to  lend  money  or  supplies  on  any- 
thing but  cotton.  This  is  because  cotton  is  *'  tangible."  A  dishonest 
tenant  can  dispose  of  eggs,  butter,  grain,  pork,  hay,  or  truck  with- 
out the  knowledge  of  his  creditor,  but  a  cotton  bale  is  too  large  to 
escape  undetected,  and  especially  so  as  the  planter  gets  a  record  of 
it  as  it  passes  through  the  gin.  Unfortunately,  it  is  true  that  most  of 
the  merchants  do  not  want  to  abolish  the  credit  system.  It  is  to 
their  advantage  to  continue  it,  and  some  of  them  fail  to  see  that  the 
entire  country  is  held  back  because  of  it. 

Many  of  the  planters  affirm  that  there  is  no  money  in  anything 
but  cotton,  but  this  has  been  proved  a  fallacy.  At  the  present 
prices  of  ix)rk  and  the  cheapness  of  producing  it  in  the  South,  and 
at  the  present  prices  of  hay  and  other  forage,  of  cowpeas  for  seed,  of 
good  cows,  of  truck,  and  of  mules,  money  can  be  made  in  diversified 
fanning. 

The  planters  are  held  in  a  system  fixed  by  their  predecessors. 
This  system  was  a  development  through  a  series  of  years  of  verj'* 
peculiar  conditions,  a  development  in  which  few  of  the  present 
planters  played  a  part,  but  resulting  in  a  syst^em  from  which  many  of 
them  do  not  care  to  depart  and  do  not  know  how  to  depart.  This 
paper  is  intended  to  show  those  who  may  desire  to  change  their 
methods  how  other  men  have  started  in  the  work  of  diversification. 

Mr.  F.  M.  Greene,  of  Atlanta,  Tex.,  instructs  each  of  his  tenants 
to  devote  a  few  acres  each  year  to  Irish  potatoes,  and  then,  by  digging 
all  at  the  same  time,  a  carload  is  obtained  for  shipment.  Later  in 
the  summer  cabbages  are  planted  on  this  land,  to  come  off  in  January 
and  February.  This  last  winter  (1906-7)  a  profit  of  $150  an  acre 
was  realized  on  the  cabbage  crop.  This  is  a  simple  system  of  diversi- 
fication, but  it  gives  the  men  three  money  crops  at  three  different 
times  of  the  year. 

AN  EXPEEIMEHT  IK  DIYEESIFIED  FAEMINO. 

In  1906  the  Louisiana  Agricultural  Experiment  Station  and  the 
United  wStates  Department  of  Agriculture  began  some  diversification 
work  with  the  tenants  on  the  Rosalie  Plantation  at  Moreland,  La., 
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o\med  by  Mr.  William  Polk,  of  Alexandria,  La.  Mr.  Henry  Easter- 
brook,  of  Pinevillo,  La.,  had  direct  charge  of  this  work,  under  the 
sui)ervision  of  the  Office  of  Farm  Management  Investigations  of  the 
Bureau  of  Plant  Industry. 

Each  tenant  set  aside  for  this  experiment  nearly  2  acres  of  land, 
on  which  he  planted  potatoes,  watermelons,  sweet  com,  and  cabbage- 
approximately  ono-half  acre  of  each.  These  crops  were  planted  at 
the  same  time  by  all  of  the  tenants,  so  as  to  be  ready  for  harvest  at 
the  same  time  upon  all  of  the  fields. 

Because  of  poor  seed  and  excessive  rainfall  in  the  early  spring  the 
com  crop  was  very  poor.  In  four  instances  it  was  a  complete  failure, 
while  in  the  others  there  was  an  insuflBcient  quantity  for  marketing, 
and  it  was  therefore  fed  to  stock  upon  the  place.  From  May  6  until 
June  2G,  1900,  there  was  no  rain,  and  because  of  this  the  cabbage 
crop  was  also  a  failure.  One  tenant,  A.  Palmer,  planted  sweet  pota- 
toes when  the  corn  and  cabbage  failed.  These  yielded  at  the  rate  of 
271  bushels  to  the  acre.  Half  of  the  crop  was  sold  at  prices  rangmg 
from  oO  cents  to  a  dollar  i>er  bushel,  the  average  price  being  60  cents. 
The  other  half  was  kept  for  family  use. 

The  Irish  potato  crop  was  decidedly  a  success,  as  shown  by  Table 
1,  only  one  tenant  reporting  a  failure: 
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averaging  61|  bushels.  If,  however,  the  one  failure  is  not  taken 
consideration,  an  average  yield  of  701  bushels  and  an  average 
;  of  $35.20  to  the  acre  are  shown.  These  potatoes  were  dug  on 
21  and  22,  1906,  and  sold  in  the  car  at  90  cents  a  bushel.  The 
3  would  have  been  larger  but  the  price  lower  had  they  been  dug 
v^eek  later.  In  addition  to  this  crop  of  potatoes  with  profits  <^ 
$30  per  acre,  it  would  have  been  possible  to  have  grown  aftei^ 
3  a  good  crop  of  Mexican  June  com,  or  cowpeas,  or  other  crops 
this  same  land  and  to  have  followed  these  by  some  winter  crc^. 
len  it  is  considered  that  none  of  these  tenants  had  ever  before 
Q  Irish  potatoes  and  had  to  be  instructed  in  their  cultivation 
the  very  banning,  the  possibilities  open  to  them  in  the  future 
By  become  more  famiUar  with  the  crop  can  be  seen, 
e  watermelons  were  sold  in  Alexandria  and  other  naghboiing 
3  as  they  matured,  bringing  an  average  of  7  cents  each.  Water- 
is  grown  upon  bottom  lands  are  poorer  in  quality  than  ihoee  pro- 
1  upon  the  hill  lands,  and  bring  less  upon  Uie  mariLet.  One  load 
Bse  melons  was  sold  on  the  State  camp  grounds,  but  the  demand 
[lem  was  slight  because  of  their  poor  qualily.  It  will  be  seen 
Table  2  that  the  yields  varied  from  0  to  600  melons, to  the  acre, 
kging  about  300  per  acre  for  the  15  productive  plots  recorded. 
results  in  money  varied  from  a  loss  of  $4.54  on  half  an  acre  to  a 
it  the  rate  of  $85.83  to  the  acre,  the  average  profit  being  $25.41. 

2. — Watermelon  crop,  1906,  of  tenants  on  the  pUmUUwn  of  WUUom  PcOt^  near 
MoreUmd,  La, 
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The  figures  in  Tables  1  and  2  include  the  rent  of  the  land  and  the 
cost  of  seed,  fertilizers,  and  bagging  for  the  potatoes,  but  do  not 
include  any  expense  for  labor.  The  rent  is  figured  at  S5  an  acre  for 
the  time  actually  taken  to  produce  the  crop. 

From  observations  during  the  first  year's  work  it  was  clearly  seen 
that  it  was  possible  to  establish  a  system  of  diversification  on  plan- 
tations and  that  the  tenants  were  eager  to  raise  other  things  than 
cotton,  provided  the  o\Mier  was  willing  and  they  had  some  little 
instruction  in  the  care  of  the  new  crops.  However,  it  was  noticed  that 
true  diversification  is  possible  only  where  the  tenant  lives  upon 
the  land  which  he  tills.  When  tliis  is  the  case  he  can  keep  live  stock, 
raise  the  necessary  feed,  provide  pastures,  and  attend  to  the  little 
details  required  by  a  diversified  farm.  Where  a  tenant  lived  a  few 
miles  from  hislioldings  he  lost  too  much  time  in  going  back  and  forth 
and  was  unable  to  give  the  necessary  attention  to  hiscrops.''  Because 
of  this  loss  of  time  the  owner  during  the  past  winter  has  moved  many 
of  his  cottages  from  the  old  "quarters"  to  the  holdings  of  the  tenants. 
Many  of  the  houses  have  been  remodeled.  A  prize  is  offered  to  the 
tenant  showing  the  most  taste  in  the  improvement  of  his  home  and 
environments. 

All  the  tenants  were  much  pleased  with  the  experiment  and  desired 
to  continue  it.  The  o\^Tier  is  now  one  of  the  greatest  diversification 
enthusiasts  in  the  South.  For  1007  he  has  planned  to  diversify  fu^ 
tlier  by  adding  sugar  cane,  alfalfa,  and  other  crops  to  his  list.  (See 
Table  3.)     He  also  has  extended  the  work  to  his  adjoining  plantation. 

Table  3  gives  the  names  of  the  tenants  on  Emfield  and  Rosalie 
plantations,  with  the  acreages  which  they  have  in  each  crop.  The 
larger  acreage  is  still  in  cotton  and  com,  but  there  are  considerable 
areas  in  ribbon  cane,  alfalfa,  and  Irish  potatoes,  each  terant  having 
from  1  to  5  acres  of  each  of  these  crops.  Then  there  are  smaller  areas 
in  watermelons,  cabbages,  and  sw^et  potatoes. 

a  The  cabbage  crop  referred  lu  might  have  l)een  saved  had  the  tenants  lived  n<«r 
enough  so  as  to  have  been  able  to  water  it. 
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JB  3. — Kinds  of  crops,  with  acreages,  grown  by  tenants  </  WilUam  Polk  in  1907^ 
with  number  of  live  stock  kept. 
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I  addition  to  the  crops  specified,  three  tenants  had  an  eighth  of  an 

each  in  onions;  two,  one-fourth  acre  each  in  peanuts;  one,  one- 

th  acre  in  sweet  com;  and  one,  6  acres  in  Johnson  grass,  while  one 

mt  had  three-fourths  of  an  acre  each  in  clover  and  in  oats  and 

;h,  one-half  an  acre  each  in  radishes  and  rape,  and  an  eighth  of  an 

each  in  tomatoes,  beans,  okra,  and  cantaloupes. 

he  income  will  be  derived  from  Irish  potatoes,  watermelons,  cot- 

and  ribbon  cane,  in  the  order  given,  while  many  of  the  tenants 

also  have  small  quantities  of  sweet  potatoes,  cabbages,  and  other 

k  to  sell,  and  perhaps  a  little  pork.     In  addition  to  this,  these 

mts  have  had  their  own  milk,  butter,  eggs,  and  vegetables;  they 

e  raised  their  own  poultry,  pork,  and  hay,  and  at  the  end  of  the 

"  will  be  much  better  off  than  when  they  paid  out  for  these  things 

hey  received  for  the  cotton  crop. 
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CONCLUSION. 

The  tenant's  prosperity  is  identical  with  that  of  the  planter.  It  is 
therefore  to  the  advantage  of  the  planter  to  encourage  diversified 
farming  among  his  tenants.  It  is  hoped  that  many  planters  will 
learn  from  the  description  of  these  experiments  in  Louisiana  not  only 
the  benefits  of  diversification  but  also  how  to  start  the  work.  Not 
every  one  will  be  so  situated  as  to  follow  this  outline  exactly,  but  the 
principle  is  plain  and  some  plan  can  be  evolved  which  will  work 
equally  well  under  other  conditions. 
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SOME  IMPORTANT  GRASSES  AND  FORAGE  PLANTS  FOR 
THE  OULF  COAST  REGION. 


►  MEXICAN  CLOVEE. 

Mexican  clover  {Richardsonia  scabra)  (fig.  1),  sometiine^s  called 
"  pusley  "  or  "  purslain^,"  though  entirely  different  from  the  plant 
known  by  those  names  in  the  Xorth,  is  not  a  true*  clover,  but  belongs 
to  the  same  family  as  tlie  madder,  poverty  weed,  and  a  number  of 
other  common  plants.  It  is  an  annual  which  grows  about  as  large 
and  which  has  much  the  same  habit  of  growth  as  the  common  red 
clover,  but  its  leaves  are  opposite  and  simple  instead  of  being  alter- 
nate and  3-parted,  as  in  the  true  clovers*  It  gi'ows  most  abundantly 
in  sandy  cultivated  fields  from  which  early  crops  have  been  removed, 
and  often  makes  a  heavy  growth  in  corn  and  cotton  fieldi^  after  those 
crops  have  been  laid  by.  It  is  seldom  planted,  as^  like  crab-grass  and 
beggarweed,  with  which  it  is  usually  found,  it  makes  a  volunteer 
growth  late  in  the  season  and  the  yield  wouhl  Ik*  increased  very  little 
if  it  were  sown  early  and  the  gi*ound  given  up  to  it  tbroiigli  the  entire 
year.  It  is  common  in  old  fields,  from  soutliern  Florida  to  central 
Georgia  and  westward  to  southern  Mississippi,  making  a  fair  growth 
on  soils  too  poor  and  sandy  for  most  other  crops  and  being  more 
thrifty  on  fertile  fields,  where  it  often  makes  a  growth  of  4  to  5  feet. 

Mexican  clover  is  used  both  for  hay  an*]  for  grazing.  ^\TiiIe  the 
hay  is  somewhat  hard  to  cure  when  cut  eiirly  and  is  not  of  the  best 
quality,  it  is  eaten  readily  by  most  animals.  It  is  usually  more  or  Iq^ 
mixed  with  crab-grass  und  i>eggarweed,  and  adds  largely  to  the  Ijulk 
and  value  of  a  volunteer  crop  of  these,  ^\^len  used  for  grazing,  Mex- 
ican clover  is  more  valuable  for  hogs  than  for  other  stoi*k.  It  can  Ik* 
grazed  from  about  May  until  after  heavy  frost.s,  and  will  then  rest^ed 
the  ground  abundantly.  The  seeds  are  very  small  and  difficult  to 
save,  though  they  are  sometimes  beaten  rmi  %vith  flails  or  gathered 
from  the  bottom  of  a  mow  in  which  the  hay  has  Ix^en  stored.  For 
seeding,  4  or  5  pounds  per  acre  is  sufficient,  but  the  more  common 
method  of  distributing  the  plant  is  by  mowing  after  the  s*^ed  is  ma- 
tured, and  then  scattering  the  hay  over  the  field  on  which  the  crop  is 
wanted  the  following  year. 
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Opinions  as  to  the  value  of  Mexican  clover  differ  widely,  some 
farmers  regarding  it  as  a  worthless  weed,  while  others  praise  it  very 
highly.  One  grower  in  northern  Florida,  who  has  cultivated  it  for 
fifteen  years,  reports  that  during  last  summer  he  kept  4  horses  and  20 
hogs  for  eight  months  on  a  field  of  7  acres.  This  field  had  been  in 
oats  the  previous  season,  and  the  growth,  though  somewhat  mixed 
with  crab-grass  and  beggarweed,  was  mostly  Mexican  clover.  An- 
other grower  in  extreme  western  Florida,  who  has  grown  this  forage 
plant  quite  largely  for  twelve  years,  declares  that  it  is  a  valuable  vol- 
unteer plant  in  his  cultivated  fields,  as  it  makes  a  heavy  growth  on 


Vk;.  I.-    Moxicuii  clover  in  corn,  Muuticelio,  Fla. 

ground  which  would  otherwise  bo  vacant  and  adds  largely  to  the  yields 
of  lands  growing  c()wi)eas,  crab-grass,  and  other  fall  hay  crops.  Cat- 
tle and  mules  eat  it  readily,  while  hogs  graze  it  with  relisli.  When 
not  recpiired  for  forage,  it  gives  a  needed  protection  to  the  soil  during 
winter,  and  is  so  thoroughly  decayed  by  spring  that  it  is  not  in  the 
way  of  the  plow.  A  liveryman  at  Thomasville,  Ga.,  where  the  plant 
is  (juite  eonnnon,  says  that  it  is  as  nearly  worthless  as  anything  ever 
made  into  hay,  and  that  he  will  not  use  hay  with  which  it  is  mixed. 
A  southern  Mississii)pi  grower,  on  the  contrary,  says:  "Cattle  will 
])ick  it  out  from  any  other  hay  and  eat  it  in  preference  to  any.''  Simi- 
lar conHicting  statements  could  be  (juoted  from  nearly  every  section 
in  the  region  in  which  it  is  grown. 
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While  Mexican  clover  is  not  a  nitrogen-gathering  plant,  like  the 
true  clovers,  its  growth  is  usually  volunteer  and  so  costs  nothing;  it 
protects  the  surface  of  the  ground  from  the  scorching  sun  in  summer 
and  from  washing  rains  in  winter,  and  adds  to  the  fertility  of  the 
soil  by  providing  humus.  The  plant  should  be  regarded  as  an  inex- 
pensive substitute  for  something  better  rather  than  as  one  to  be  gen- 
erally cultivated  at  much  expense. 

BEOOAEWEED. 

Beggarweed  (Deamodium  tortuosum)  is  an  important  forage  plant 
from  southern  Florida  northward  to  southern  Greorgia  and  Alabama, 
though  it  is  seldom  found  west  of  the  Alabama  River.  It  is  an 
annual  legume  which  is  common  as  a  volunteer  growth  in  old  fields 
with  sandy  soils,  making  its  best  growth  late  m  the  season — at  .the 
same  time  that  crab-grass  is  growing  most  rapidly.  It  is  erect  in 
habit,  reaching  a  height  of  5  to  7  feet  on  good  soils,  and  is  used 
for  hay,  silage,  and  grazing.  Like  crab-grass,  with  which  it  usually 
grows,  it  makes  a  scattering  andmneven  volunteer  growth  on  land 
which  has  not  been  plowed  during  the  year,  though,  when  occa- 
sional strips  are  left  standing  at  the  second  cutting  and  the  field  is 
afterwards  harrowed  crosswise  to  scatter  the  seed,  a  good  crop  is  often 
secured  the  second  season  after  plowing.  The  volunteer  growth, 
however,  as  is  the  case  with  all  volunteer  crops,  is  uneven  and  some- 
what uncertain,  and  the  better  practice  is  to  reseed  the  ground  after 
oats,  melons,  or  other  early  crops  have  been  removed,  using  25  to  30 
pounds  of  rough  seed  to  the  acre.  The  seed  is  usually  saved  by 
stripping  it  from  the  plants  by  hand,  the  labor  making  the  seed  cost 
about  3  cents  a  pound. 

In  regions  where  beggarweed  is  grown  most  commonly  it  is  seldom 
found  as  a  volunteer  crop  on  newly  cleared  lands,  but  it  is  more  or 
less  abundant  in  nearly  all  old  fields,  especially  in  cornfields  (fig.  2) 
and  cotton  fields,  where  it  springs  up  after  the  crop  is  laid  by  and 
where  it  furnishes  a  large  amount  of  fine  grazing  after  these  crops 
have  been  gathered.  Some  cotton  gi'owers  object  to  beggarweed  in 
their  fields,  as  the  immature  seeds  are  somewhat  rough  and,  when 
switched  about  by  the  wind,  often  pull  the  seed  cotton  from  the 
bolls.  It  is  easily  killed  by  a  single  cultivation  in  late  summer 
and  soon  disappears  from  fields  which  are  not  plowed. 

AMien  used  for  hay  beggarweed  should  be  cut  about  the  time  it  is 
beginning  to  bloom,  in  June  or  July,  and  a  second  cutting  can  then 
be  made  a  few  weeks  later.  Wlien  cut  at  the  right  time  and  prop- 
erly cured  it  has  no  suj^erior  for  hay,  but  it  must  be  handled  with 
care  and  should  be  windrowed  as  soon  as  wilted  to  prevent  the  leaves 
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from  dropping.  If  allowed  to  become  too  old  before  it  is  cut,  many 
of  the  lower  leaves  are  lost  and  the  stems  become  hard  and  woody, 
though  if  run  through  a  shredder  the  stems  are  eaten  readily  by 
stock,  even  when  quite  mature.  It  makes  a  yield  of  from  1  to  2 
tons  per  acre.  The  hay,  esj)ecially  that  made  from  the  second  cut- 
ting, is  usually  mixed  with  more  or  less  crab-grass,  cockspur,  and 
Mexican  clover.  When  well  cured  the  hay  is  very  fattening;  dairy- 
men prize  it  highly  for  the  flavor  which  it  gives  to  milk  when  fed 
during  the  winter,  and  they  often  sow  the  seed  with  cowpeas  for 
that  reason. 


Fig.  1*. — Florida  bcKpanveed  iu  corn,  MonticeUo,  Fla. 

Although  not  sufliciently  bulky  for  use  alone  in  filling  a  silo,  a 
little  l)('<rjj:arwoe(l  jidcls  groaily  to  the  value  of  silage,  as  it  gives  a 
marked  "June"  flavor  to  butter,  even  when  fed  in  midwinter.  Its 
great(»st  value,  however,  is  as  a  grazing  plant  for  late  summer  and 
fall.  All  kinds  of  >toek  eat  it  with  relish  and  make  rapid  gains  in 
ilesli  while  pasturing  on  it. 

While  beggarweed  is  a  croj)  of  seeondary  importance  and  fields 
are  seldom  used  for  growing  it  alon(^  it  is  a  welcome  addition  to  any 
hay  croi),  and  when  it  is  so  abundant  as  to  afford  good  grazing  it 
will  fatten  horses,  nudes,  and  eattle  more  quickly  than  any  other 
plant. 
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VELVET  BEANS. 

The  velvet  bean  {Mucuna  utilia)  is  the  most  rank-growing  legume 
cultivated  for  forage  and  is  one  of  the  most  valuable  annual  plants 
both  for  the  production  of  feed  and  as  a  restorative  crop  in  a  rotation. 
It  is  not  as  good  as  the  cowpea  for  making  hay,  as  its  growth  is  so 
strong  and  the  vines  are  so  long  and  tangled  that  it  is  difficult  to  cut 
and  cure,  but  it  makes  an  immense  amoimt  of  fall  and  winter  grazing, 
produces  seed  abundantly,  and  leaves  the  soil  in  a  fine  condition  for 
any  succeeding  crop.  It  needs  a  long  season  (about  eight  months) 
for  maturing,  and  so  is  rarely  grown  north  of  a  line  from  Savannah, 
Ga.,  westward  to  Austin,  Tex.,  and  is  most  common  on  the  sandy 


Fig.  3. — Velvet  beans  in  corn,  De  Funiak  Springs,  Pla. 


lauds  east  of  the  Mississippi  River.  It  is  grown  more  extensively  in 
Fh)rida  than  elsewhere,  tliere  probably  l)eing  more  acres  devoted  to 
the  crop  in  that  State  than  in  all  the  rest  of  the  country. 

The  velvet  bean  is  one  of  the  best  plants  for  newly  cleared  lands,  as 
its  <rrowtli  is  so  dense  and  rapid  that  it  smothers  all  weeds,  sprouts, 
and  pass  and  as  it  "civilizes''  the  soil  lx»tter  than  any  other  crop. 
The  vines  should  be  <riven  some  support  to  keep  them  up  from  the 
ground,  as  otherwise  they  will  not  fruit  well  or  make  the  most 
vigorous  growth.  Tholes  are  sometimes  used  for  that  purpose,  but 
are  expensive  and  troublesome,  and  cornstalks  are  more  commonly 
used  (fi<r.  3).  Some  strong-growing  variety  of  com,  often  the 
"  Mexican  June,"  is  planted  at  the  same  time  as  the  beans,  or  a  few 
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days  earlier,  and  the  stalks  give  the  needed  support  to  the  vines. 
Some  planters  prefer  to  top  the  corn  as  soon  as  the  ears  are  fairly 
mature,  claiming  that  the  part  of  the  stalk  which  is  left  is  not  pulled 
over  by  the  vines  as  easily  as  is  the  whole  stalk;  others  plant  three 
rows  of  corn  and  one  of  beans,  claiming  that  in  that  yvay  they  get  a 
good  crop  of  both  com  and  beans ;  still  others  plant  the  corn  in  7-foot 
rows  and  when  it  is  about  a  foot  high  plant  beans  in  the  middles. 
When  planted  in  that  way  the  corn  matures  a  full  crop  and  the  bean 
vines  have  a  fair  support.  Planting  is  done  as  early  in  the  spring  as 
is  safe,  as  late  plantings  never  make  seed  as  freely  as  do  those  made 
as  soon  as  there  is  no  further  danger  from  late  frosts.  From  6  to  8 
quarts  of  seed  per  acre  are  used.  The  heaviest  yields  of  both  vines 
and  seed  are  undoubtedly  secured  when  the  beans  are  planted  in 
every  row  at  the  same  time  the  corn  is  planted,  but  with  such  treat- 
ment tlie  yield  of  corn  is  usually  small. 

With  a  good  support  for  the  vines  the  yield  of  seed  is  very  heavy — 
from  40  to  75  bushels  per  acre.  The  seed  is  gathered  by  hand  at  a 
cost  of  from  15  to  20  cents  for  a  barrel  of  pods,  which  wdll  make  a 
little  more  than  a  bushel  of  shelled  beans.  Thrashing  is  rather  diffi- 
cult, as  the  pods  are  tough  and  very  close  together,  but  at  present 
prices  the  seed  alone  makes  a  profitable  crop.  AVhen  a  crop  of  seed 
has  been  gathered,  the  vines  and  inmiature  seeds  which  are  left  still 
make  rich  grazing,  and  the  fertilizing  effect  of  the  crop  on  the  soil  is 
little  changed. 

A  dairyman  in  northern  Florida  reports  that  he  had  20  acres  of 
velvet  l>eans  last  year  and  began  grazing  them  just  before  frost.  He 
grazed  80  cows  one-half  of  each  day  for  twenty-seven  days,  and  then 
gathered  20,000  pounds  of  beans  in  pods.  These  were  ground, 
steamed,  and  mixed  with  wheat  bran  and  cotton-seed  meal,  which 
made  a  rich  feed  for  his  cows.  Another  grower  in  southern  Georgia 
states  that  he  grazed  100  cattle  for  four  months  on  80  acres  of  the 
beans,  tlie  cattle  beginning  to  graze  immediately  after  the  first  frost. 
He  follows  a  rotation  of  cotton,  corn  followed  by  winter  oats,  and 
velvet  beans  after  the  oats  are  harvested  in  May.  This  rotation 
makes  the  Ix^ans  mature  too  late  for  their  best  growth,  but  gives  a 
good  profit  on  the  work,  as  the  cotton  this  year  yielded  a  trifle  more 
than  a  bale  to  the  acre  on  land  when*  beans  were  grown  last  year, 
and  that  without  any  other  fertilizer.  He  ])lants  the  beans  about 
1  by  '^i  feet  ai)art  and  cultivates  twice. 

A  grower  in  western  Florida  last  year  planted  a  field  of  6  acres  of 
velvet  beans  early  in  April.  In  June  he  put  60  hogs  in  the  field. 
These  hogs  ate  the  volunteer  Mexican  clover  first,  and  then  the  vol- 
unteer l)eggarweed,  doing  so  little  harm  to  the  beans  that  12  teas  of 
hay  were  cut  from  the  field  in  September.     The  same  grower  states 
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that  beginning  in  October  seventy  days  of  grazing  on  velvet  beans 
will  make  a  steer  ready  for  market. 

Grazing  usually  begins  at  about  the  time  of  the  first  frost  and 
may  be  continued  until  February  or  March,  as  both  the  vines  and 
the  beans  remain  in  edible  condition  through  the  winter.  The  beans 
are  quite  hard  when  matured  and  dry,  but  are  eaten  well  in  the  fall 
or  whenever  they  become  slightly  softened  by  rains  or  by  lying  on 
the  damp  ground,  so  that  all  are  consumed  before  the  ground  is 
plowed  in  the  spring.  Dairymen  find  that  fall  grazing  is  the 
greatest  stimulus  to  milk  production,  while  beef  growers  value 
velvet  l)eans  more  highly  for  winter  feeding.  The  dry  beans  are 
so  hard  that  they  do  not  rank  high  for  feeding.-  Horses  do  not 
eat  them  well,  as  the  short,  stiff  hairs  on  the  pods  soon  pive  them 

Tr  ■'"  ufies^'^^  ^'"^'''^  ""^  ^""^rr^  A  ^g^Zr  in  Sem 

^^^1^"^^^^^^'      11  1  ii-»i&mg  grass  we  have."    Another  says: 

The  plant  is  seldom  used^^  „    gj^jj^^  statements  are  m>ide 

cutting  and  curing     ^Xlabama  and  southern  Mississippi. 

tine  qua  i  } ,    u    w^  Guinea  grass  is  as  a  soiling  crop,  and  it  makes 

stems  l)ecome  drv^  ^j^^^  purpose  than  any  other  grass  we  have.    If 

than  the  cowpe*  ^^  ^  ^^^^  j^j^j^^  ^j^^  ^^  ^  ^^^  tender  and  succulent, 

,     pnucrjj.^  growth  consisting  of  rather  broad,  smooth  leaves. 

grazing,  a^'^^j^jg  stage  the  whole  plant  is  eaten  with  relish  by  all  kinds 

region.      i^rj^en  allowed  to  grow  until  it  makes  seed  the  stems  become 

produces  ^.^^jy^  though  the  leaves  remain  green  and  are  eaten  well. 

tliroiigii^jj^jjy  yaiuable  to  those  who  have  only  small  places  and  who 

^'^^"^^^^ionstant  supply  of  green  feed  for  a  few  horses  or  cows.    Its 

)i  profitable  cultivation  is  about  the  same  as  that  for  Para 

including  the  whole  of  Florida  and  a  narrow  strip  along  the 

rj^j  A^estward  to  Texas  south  of  latitude  31®. 

whir 

j^,  PAEA  OKASS. 

Para  grass  {Panicum  molle)  (fig.  5),  which  was  introduced  from 
South  America  many  years  ago,  is  now  common  in  central  and 
southern  Florida  and  is  rapidly  coming  into  favor  farther  west, 
especially  in  southern  Texas.  It  is  a  rank-growing  perennial  which 
spreads  by  surface  runners,  which  are  often  30  or  more  feet  in  length 
and  which  form  roots  at  each  joint.  As  soon  as  the  ground  becomes 
fairly  covered  with  these  runners  the  younger  stems  assume  a  more 
erect  position,  reaching  a  height  of  3  to  5  feet  and  producing  a  heavy 
yield  for  hay  or  grazing.  Although  this  grass  spreads  so  rapidly  by 
its  long  runners,  it  is  more  easily  killed  than  Bermuda  or  Johnson 
grass,  as  the  runners  are  wholly  on  the  surface  of  the  ground,  and  it 
can  be  killed  by  a  very  shallow  plowing  followed  by  a  thorough 
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Guinea  grass  is  propagated  either  by  divisions  of  the  old  roots  or 
by  seeds.  When  roots  are  used  the  old  clumps  are  dug  out  early  in 
spring  and  divided  to  make  as  many  sets  as  can  be  secured  with  a  few 
fibrous  roots  attached.  AVhen  these  sets  are  planted  on  good  ground 
they  will  give  a  good  cutting  of  hay  or  be  ready  for  grazing  in  May. 
Seeds  are  planted  at  the  same  season  as  the  roots,  it  being  the  usual 
practice  to  plant  the  seeds  thickly  in  drills  and  then  transpluit  the 
seedlings  as  soon  as  they  are  3  or  4  inches  high.  Volunteer  »edlings 
are  often  found  in  abundance  where  the  old  plants  have  been  4iUowed 
to  mature  seed.  Sets  are  more  expensive  and  more  troublesome  to 
handle  than  are  seedlings,  but  will  give  an  earlier  and  heavier  yield 

1^--   • — .^  ■  -  /.. 

every  row  at  the  ^juj^H-... 

ment  the  yield  of  corn  is  usually  ..i^ 

With  a  good  supj)ort  fur  the  vines  i 
from  40  tu  T5  busht^k  per  nure*     The  seec 
coHt  of  from  15  to  i20  cents  for  a  barrel  of  poJ 
little  mora  than  n  bunhel  of  ahelled  beana     Thn 
cult,  as  the  pods  mv.  tough  and  very  close  together^ 
prices  the  seed  alone  makes  a  profitable  crop.     When 
has  l>eeii  gathered,  the  vines  and  immature  seeds  which 
make  rich  gnixing,  and  the  fertilizing  effect  of  the  crop  ol 
little  changed, 

A  dairyman  in  northern  Florida  reports^  that  he  had  20 
velvet  beans  last  year  and  l>r^nin  grazing  ihem  just  before  fi-o^ 
grazed  'VO  cows  <me-half  of  each  day  fcjr  twenty -^ven  days,  ai 
gathen*d  20,000  pounds  of  lx»ans  in  pods.  These  were 
steamed,  and  mixeit  witli  wheat  bnin  and  cotton*seed  meal, 
made  a  rich  feed  for  his  cows.  Another  grower  in  southern  Gc 
states  that  he  grazed  100  cattle  for  four  months  on  80  aere,s  oi 
beans,  the  cattle  beginning  to  gi'aze  innnediately  after  the  first  fros. 
He  follows  a  rotation  of  cotton,  corn  followed  by  winter  oats,  and  ' 
velvet  biMins  after  the  oats  are  harvested  in  May.  This  rotation 
makes  the  beans  matun*  too  late  for  their  best  growth,  but  gives  a 
good  profit  on  the  work,  as  the  cotton  this  year  yielded  a  trifle  more 
than  a  bale  to  the  acre  on  land  where  l)eans  were  grown  last  year, 
and  that  without  any  other  fertilizer.  lie  plants  the  beans  about  J 
1  by  »1|  feet  apart  and  cultivates  twice.  i 

A  grower  in  western  Florida  last  year  planted  a  field  of  0  acres  of 
velvet  beans  early  in  April.  In  June  he  put  00  hogs  in  the  field. 
These  hogs  ate  tlie  vohmteer  Mexican  clover  first,  and  then  the  vol- 
unteer beggarweed,  doing  so  little  harm  to  the  beans  that  12  tons  of 
hay  were  cnit  from  the  field  in  September.     The  same  grower  states 

300 


13 

cuttings  about  once  every  three  or  four  weeks  until  its  growth  is 
checked  by  frost.  In  the  most  favorable  part  of  the  season  cuttings 
may  be  made  once  in  10  or  12  days,  but  such  rapid  growth  usually 
continues  only  a  few  weeks.  When  allowed  to  stand  too  long  the 
stalks  become  hard  and  woody.  This  grass  makes  the  best  feed  if 
cut  when  24  to  36  inches  high. 

It  is  difficult  to  estimate  the  yield  of  hay  per  acre,  as  Ouinea  grass 
is  commonly  used  only  for  soiling  or  grazing.  Its  habit  of  growing 
in  large  clumps  makes  it  difficult  to  use  a  machine  in  cutting  this 
grass  for  hay.  One  grower  who  has  used  it  many  years  for  soiling 
reports  that  he  can  feed  4  head  of  cattle  per  acre  through  the  entire 
season,  while  another,  who  is  growing  cattle  extensively,  reports  that 
he  grazes  3  head  per  acre  through  the  year,  though  he  also  gives  his 
cattle  a  little  Para  hay  during  the  winter.  A  grower  in  southern 
Florida  says :  "  It  is  the  best  grazing  grass  we  have."  Another  says : 
"It  yields  more  than  any  other  grass."  Similar  statements  are  made 
by  growers  in  southern  Alabama  and  southern  Mississippi. 

The  chief  value  of  Guinea  grass  is  as  a  soiling  crop,  and  it  makes 
more  good  feed  for  that  purpose  than  any  other  grass  we  have.    If 
cut  when  only  3  or  4  feet  high,  the  stem  is  very  tender  and  succulent, 
nearly  the  entire  growth  consisting  of  rather  broad,  smooth  1 
When  cut  at  this  stage  the  whole  plant  is  eaten  with  relish  by  all  kin 
of  stock.    When  allowed  to  grow  until  it  makes  seed  the  stems  beco 
hard  and  woody,  though  the  leaves  remain  green  and  are  eaten  well. 
It  is  specially  valuable  to  those  who  have  only  small  places  and  who 
wish  a  constant  supply  of  green  feed  for  a  few  horses  or  cows.    Its 
range  of  profitable  cultivation  is  about  the  same  as  that  for  Para 
grass,  including  the  whole  of  Florida  and  a  narrow  strip  along  the 
coast  westward  to  Texas  south  of  latitude  31®. 

PAEA  GSASS. 

Para  grass  {Panlcmn  molle)  (fig.  5),  which  was  introduced  from 
South  America  many  years  ago,  is  now  common  in  central  and 
southern  Florida  and  is  rapidly  coming  into  favor  farther  west, 
especially  in  southern  Texas.  It  is  a  rank-growing  perennial  which 
spreads  by  surface  runners,  which  are  often  30  or  more  feet  in  length 
and  which  form  roots  at  each  joint.  As  soon  as  the  ground  becomes 
fairly  covered  with  these  runners  the  younger  stems  assume  a  more 
erect  position,  reaching  a  height  of  3  to  5  feet  and  producing  a  heavy 
yield  for  hay  or  grazing.  Although  this  grass  spreads  so  rapidly  by 
its  lon^  runners,  it  is  more  easily  killed  than  Bermuda  or  Johnson 
grass,  as  the  runners  are  wholly  on  the  surface  of  the  ground,  and  it 
can  be  killed  by  a  very  shallow  plowing  followed  by  a  thorough 
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raking.  While  it  makes  a  fair  growth  on  rather  dzy  soil,  it  does 
much  better  on  damp  ground  and  grows  well  on  the  mngiiis  of  ponds 
and  on  ditch  banks,  often  reaching  out  to  where  the*  water  is  3  or 
4  feet  deep.  It  is  a  desirable  species  for  planting  an  lands  liable  to 
overflows,  as  it  is  not  killed  when  covered  by  water  for  a  month  or 
more. 

Para  grass  produces  few  seeds  (usually  none  in  thia  oountiy)  and 
is  generally  propagated  by  divisions  of  the  runners,  which  root  easily 
when  cut  into  pieces  of  2  or  3  joints  each  and  pudied  down  into 
freshly  plowed  ground  so  as  to  leave  the  upper  joint  at  or  just  below 


Fiti.  0. — I'ara  grass,  third  year,  KingSTlIIe,  Tex. 

the  surface.  When  sets  are  abundant,  it  is  better  to  put  them  not 
more  than  2  feet  apart  in  each  direction,  as  such  dose  planting 
enables  the  grass  to  cover  the  ground  more  quickly  and  so  induces 
the  erect  growth  more  promptly.  AVhen  wanted  for  grasing  only, 
close  planting  is  less  important  and  the  sets  may  be  placed  4  to  6 
feet  apart. 

The  hay  made  from  Para  grass  is  rather  coarse,  but  is  sweet,  tender, 
and  nutritious,  and  the  yield  is  very  heavy.  One  Texas  grower 
reports  6  tons  per  acre  from  each  of  2  cuttings  on  a  12-acte  field,  the 
second  cutting  being  made  in  October  and  followed  by  ewsellent 
winter  grazing.  Florida  growers  usually  make  3  or  4  cuttings  annu- 
ally, and  the  hay  finds  a  ready  market  at  the  hig       .  piioa    One 
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grower  in  southern  Florida  reports  that  he  makes  his  first  cutting 
about  April  1  and  a  second  cutting  about  June  1.  The  ground  is 
then  plowed  broadcast  and  harrowed  smooth.  Two  more  cuttings 
are  made,  in  September  and  November,  after  which  the  field  gives 
good  grazing  until  the  stock  is  taken  oflF  in  March.  This  is  on  low 
ground  which  is  drained  by  open  ditches.  The  grass  makes  2  or 
more  tons  of  hay  at  each  cutting,  and  the  hay  is  readily  sold  to 
near-by  liverymen.  Of  course  such  heavy  cropping  requires  liberal 
fertilizing,  but  that  can  well  be  aflForded  when  a  yield  of  8  to  10  tons 
of  hay  a  year  is  secured,  in  addition  to  four  months  of  good  grazing. 
Another  grower,  in  northern  Florida,  w^here  the  grass  is  more  subject 
to  injury  by  freezing,  states  that  he  finds  it  better  to  plow  the  ground 
in  November  or  December,  as  the  plowing  covers  portions  of  the 
stems,  so  that  they  are  protected  from  heavy  frosts,  and  an  earlier 
spring  growth  is  insured. 

Para  grass  is  excellent  for  pasture,  is  not  injured  by  moderately 
close  grazing  or  by  heavy  tramping,  and  remains  green  through  the 
entire  year,  except  when  cut  by  frosts.  Last  year  one  field  of  10 
acres  in  southern  Texas  gave  grazing  for  15  cows  from  April  to 
November,  and  when  the  stock  was  removed  the  grass  was  fully  2  feet 
high  and  api)eared  to  be  growing  faster  than  it  was  eaten,  though  the 
field  had  not  been  irrigated  during  the  previous  eighteen  months.  A 
grower  in  southern  Mississippi  reports  equally  good  results  from  a 
planting  made  on  low,  rich  land,  and  very  poor  results  when  planted 
on  high,  dry  clay.  A  grower  in  central  Florida  states  that  his  field 
of  Para  grass  gives  good  grazing  for  6  head  of  cattle  per  acre  at  least 
eight  months  each  vear.  Another  grower,  in  southern  Florida,  who 
has  used  a  few  acres  of  it  for  pasture  a  numl>er  of  yeai's,  increased 
his  planting  to  100  acres  last  year,  and  others  in  the  same  section  are 
making  siniihir  plantings. 

Some  orange  growers  who  have  Para  grass  thoroughly  established 
in  their  groves  comphiin  that  it  makes  cultivation  troublesome,  but  as 
it  seldom  grows  from  seed,  it  is  not  difficult  to  hold  it  in  check  by  the 
occasional  use  of  a  disk  harrow.  While  this  grass  can  be  destroyed 
more  easily  than  some  other  grasses,  it  is  seldom  advisable  to  plant  it 
in  fields  which  are  soon  to  be  used  for  other  crops,  but  it  has  great 
value  for  making  permanent  meadows  and  pastures  on  wet  or  even 
moderately  <lamp  soils.  As  it  is  killed  to  the  ground  by  heavy  frosts 
it  is  not  rcconnnended  for  planting  farther  north  than  the  northern 
boundary  of  Florida,  or  about  latitude  31°. 
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Barlov  acrciv^e  and  ])roduotion  in  Columbia  Basin,  1899 294  12 

feed  lor  laying  hens 287  21 

yield  after  rod  cl(»ver 278  16 

Barnyard  maiuirt'.     Sec  Manure;  also  Fertilizers. 

Baryies,  poison  for  rats,  directions 297  4 

Batatas  aJulis.     Stt  Sweet  j)otatoes. 

Beans,  acreage  and  geogia])hi(al  distribution 289  8-10 

1  )ree(iing  u >r  disease-resistance 289  28 

classilication 289  7 

culture  and  uses. 289  1-28 

diseases  and  enemies,  control • 289  28 

tield.  cleaning  and  grading 289  17 

seed,  ([uantity  ])er  acre 289  12 

soil  prej)aration.  plant ini:.  cultivation,  harvesting,  cur- 
ing, and  thrashing  . . . ! 289  10-18 

izarden,  seed,  (juantity  ])er  acre 289  23 

soil   I  )re  para  I  ion.   planting,   cultivation,   harvesting. 

yield 289  18-25 

harvester.  descri])iion 289  14 

industrv,  divisions 289  10 

snap,  })lanting.  cultivation,  harvesting,  atid  \ield 289  lS-25 

soy.     iS'o"  Soy  l»eans. 

thraslier,  description 289  ]6 

velvet.     No' Velvet  beans. 
Nm  also  varietal  names. 

Beattik,  W.  K.,  bulletin  on    -Celery" 282 

Bedding,  cows,  .<awdust .  u.se  and  a<l vantages 

Beef  scrai>s.  feed  for  young  chicks 

Beet  pidp.  comparison  with  a])])le  i)omace  as  feed  for  dairy  cows. 

Beetle,  Ilea,  grapevine,  d^'scription.  lif**  histori',  treatment 

Beets,  canned,  lood  value 

composition,  foo<l  value,  tligestibility 
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Beggarweed,  fattening  stock 300 

see<l,  saving,  quantity  per  acre 300 

value  as  forage  plant  J 300 

Bell,  G.  Arthur,  })ulletin  on  **Poultrj' (chicken) management"...  287 

Bermuda  grass  and  white  clover  mixture  for  lawn  or  pasture 281 

hardy,  tests  in  Oklahoma 281 

hay,  analysis,  comparison  with  other  grasses 281 

propagation,  preparation  of  soil 281 

Birds,  bollworm  destruction 290 

usefulness  in  destruction  of  rats 297 

BiSHOPP,  F.  ('.,  and  (.'.  R.  Jones,  bulletin  on  "The  Cotton  Boll- 
worm  " 290 

Bij>ulphi<l.  carbon,  for  killing  sassafras  sprouts 281 

Bitterroot  Valley.     See  Columbia  Basin. 

Bitter-rot,  apple,  description,  cause,  control  experiments 283 

grape,  de3crii)tion,  control 284 

Black  Endish  nmlberrv.  adaptability  to  Southern  States,  descrip- 
tion  * 276 

Black  rot,  celery,  cause  and  prevention 282 

grape,  description,  control 284 

Black  scab,  apple,  occurrence,  description,  cause  and  control 283 

Blackberries,  analyj?is.  comparison  with  mulberries 276 

Blanching  celery,  mettiods 282 

Bleachers,  fruit  evaporation 291 

Bleaching  apples,  salt  solution 293 

sulphur  fumes 291 

potatoes,  danger  of  chemicals 295 

Blight,  celery,  cause,  prevention 282 

Bl< >at .  cattle,  danger  of  alfalfa  pasture 276 

sheej).  danger  of  alfalfa  ])asture 276 

Blotch.  api)le,  occurrence,  description,  cause,  and  control  experi- 
ments   283 

Blue  Mountain  regif>n.     See  Columbia  Basin. 

Bluegrass  si^e<l  adulteration 296 

Bhiestem  wheat .  qualities,  ad vantasres 294 

Bollworm,  cotton .^ 290 

annual  injury 290 

cannibalistic*  destruction  of  larvce 290 

contr<»l,  ticld  work,  BK)5-6 290 

general  recommendations 290 

methods 290 

nat  ural  factors 290 

description,  life  historv,  habits,  and  seasonal  his- 
tory . . . . ; : 290 

food  ])lants 290 

injury,  1(M):V- 1906,  Texas  and  Oklahoma 290 

to  corn 290 

invest iirat ions  and  experimental  work,  1905-6 290 

results 290 

larvce  on  C(>rn,  hand  picking 290 

various  names 290 

Bone,  green  cut,  f<*e(l  lor  laj-ing  hens 287 

young  chicks 287 

Bone  meal,  hoir  fee<ling  exiM'riments 276 

Bordeaux  mixture.  it>rniulas.  directions  for  making ^^04 

spraving  ai)ple  for  bitter-rot,  cost  per  tree 283 

Idotch 283 

co<lling  moth 283 

scab 283 

grajx'S  for  fungous  diseases 284 

treatment  of  bean  anthracuose 289 

use  on  celerv 282 
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Boston  brown  bread,  making,  oom{K)sition,  digestibility 298 

BoYKiN',  E.  B.,  and  Herbert  J.  Webber,   bulletin  on  ''Advan- 
tage of  planting  liea\'y  cotton  seed  " 285 

bidletin   on  "Value  of  cotton   seed   and  cotton- 
seed meal  in  fertilizing  cotton  " 286 

Brachysticha  jidin\  parasite  of  the  grape  root  worm 284 

Bran,  feed  for  dairy  cows,  value 280 

preserving  eggs 287 

Brayton.  (ieorge.  inventor  of  internal-combustion  engine 277 

Brazos  River  sediment,  annual  deposit,  estimate 281 

Bread,  white,  composition,  comparison  with  potato 295 

Breads,  corn  and  wheat,  average  digestibility,  comparison 298 

descriptions,  composition,  and  digestil)ility 298 

Breakfast  foods,  corn,  description,  food  value,  and  digestibility 298 

Breeding  chickens,  number  of  females  to  male 287 

Breeds,  chicken,  classification 287 

British  thermal  unit,  delinition 277 

Broad  beans,  locality,  uses 289 

Brodie,  I).  A.,  and' C.  K.  McClelland,   bulletin  on   "Diversified 

farming  under  the  plantation  system '' 299 

Broilers,  rearing  and  finishing  for  market 287 

Brome-grass  seed  adulteration 4 296 

Bronchitis,  chicken.  Bym])toms,  treatment 287 

Brooder  chicks,  rearing,  notes 281 

Brooders,  management,  notes  and  suggestions <  ^oy 

Brouhot  var)orizer,  description 277 

Brown-rot.  ^Tapc,  <lescription,  treatment 284 

Buckwheat  feed  for  laying  hens 287 

Bug,  tarnished  plant .  description,  control 282 

Buildings,  dairy,  description 280 

rat-prool ,  use  of  concrete  and  wire  netting 297 

Bulbs,  succulent,  use  as  food 295 

Bumble  foot,  chicken,  cau.se,  treatment 287 

Burgundy  mixture  for  spraying  grapes,  formula 284 

Cabbages,  feed  for  laWng  hens 287 

Cactus,  uses  as  food 293 

Caladium  c(mipositi<m,  food  u.'^e.  digestibility 295 

California  citrus  orchards.  Canada  peas  as  green  manure 278 

Egyptian  corn  acreage 288 

experiments  with  Tangier  peas,  value  on  weedy  land 278 

large  fruit  acreage 298 

Lima  beans,  culture 289 

("alorinietcr,  measurement  ()f  heat  of  combustion,  fuels 277 

Calves,  feeding,  Kafir-corn  mixture 288 

Cameml)ert  cheese,  American,  making 296 

Canada  p<'as,  green-manure  u.'^e 278 

Cancer,  ap])le.  occurrence.  descri])tion.  caus(^  and  control 283 

(.'anker,  apple  tree,  source  of  l)itter-rot  infection 283 

Canned  friiit,  1904,  value 293 

Capons  and  caponizing 287 

C'arl)olic  acid,  use  in  di.^^infection  of  poultry  houses 287 

Carbon  l>isul})hi(l.  killing  .sassiifras  sprouts 281 

(.■arb(»nale,  l)ariuin.  ])oison  for  rats,  dirctions 297 

Carbonic-acid  gas.  use  as  power  for  sprayers 284 

Carl  •ureters,  various  devices,  descrii)tion 277 

(.'(irporapsd  ponion^Jhi.     S<(  Codling  moth. 

Carrilr,  Lyman,  l)ulletinon  "A  profitable  tenant  dairy  farm" 280 

•'C(»st  of  filling  silos"' * 292 

Carrots,  composition,  description,  digestibility 295 

dried  or  desiccated,  food  use * 295 

Cascade  Mountain  region.    \SV<  Columbia  Basin. 

Cassava,  latter,  prussic-acid  content 295 

varieties.  comiHi.-^iiion,  food  u.'-'e 295 

Catarrh,  chicken,  .•symptoms,  treatment 287 
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Caterpillar,  celery,  control 282  23 

Gates,  J.  S.,  and  \V.  J.  Spillman,  bulletin  on  ''Method  of  eradicat- 
ing Johnson  grass  " 279  1-16 

Cattle,  alfalfa  pasture,  danger  of  bloat 276  10 

breeding 296  23-25 

feed,  use  of  sorghum  grain 288  23 

grazing,  velvet  beans 300  10-11 

Celeriac,  description,  composition,  and  food  use 295  33, 35 

Celery  blanching  methods '. 282  23-28 

blight,  causes,  prevention 282  21-22 

botany  of  plant 282  7 

climatic  requirements 282  9 

cultivation 282  19-20 

culture,  cost  and  profit  per  acre 282  35 

diseases,  causes,  svmptoms,  and  control 282  -21-22 

fertilizers * 282  10-11 

growing  without  irrigation 282  17 

harvesting t 282  31 

heart  rot,  cause,  prevention .•  282  22 

industry,  growth,  sources  of  supply 282  8 

insert  enemies,  control 282  22-23 

irrigation  systems 282  15, 16 

marketing,  preparation  and  shipping 282  32-33 

mulching 282  18 

planting  directions 282  17 

plants,  number  per  acre 282  17 

sanitarv  conditions,  importance  of  cleanly  handling 282  33 

seed  selection  and  sowing 282  12-13 

soil  preparation 282  11 

requircmonls 282  9 

storage  house,  directions 282  30 

storing,  methods 282  28-31 

transplanting 282  14 

uses .^ 282  7-8 

variet  ies  for  home  use  and  market 282  36 

watering,  different  systems 282  14-17 

Cement  Hoor.  chicken  house : . .  287  9 

use  in  rat -proof  construction " 297  7 

Cereal  crops.  Columbia  Basin  acreage  and  production,  1899 294  12 

by  counties,  1899 294  12 

grains,  averace  compositi(.)n 298  10-11 

Cereals,  r'ooking,  effects 298        15-16, 28 

Cetewayo,  food  use  in  Africa 295  23 

Chafer,  rose.     .S/<  Hose-chafer. 

Charcoal  for  lavinu:  hens : 287  25 

young  chicks 287  33 

Cheese,  (^ameml )ert ,  American,  outline  of  process 296  31-32 

Cliemical  dostruct  Im.  Johnson  grass,  not  practical 279  14 

Cherry,  Surinam,  description,  use  as  food 293  13 

Chicken  digest ibilitv  coeflicients 276  27 

feedinu:.  systems 287  20-22 

houses,  successful,  description 287  12-18 

systems,  location,  and  construction 287  6-18 

insect  pests,  treatment 287    •  47-48 

lice  and  mites,  contr<»l 287  48 

management 287  1-48 

raising,  making  a  start,  suggestions 287  5 

Chickens,  badhabits.  treatment..... 287  47 

broedinii.  luimber  of  females  to  male 287  28 

classilicati. .n  as  to  breeds 287  5-6 

cleanliness,  importance 287  42 

diseases,  description  and  treatment 287  43 

latt  enitig 287  36-38 

healthy,  reciuirements 281  24 

incubation,  natural  and  ariiticial 281  24-28 

killing,  dressing,  and  packing  for  u\arket 287  38-39 

raising,  requirements  lor  success 287  27-34 
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Chicks,  exercise  requirements 287  34 

feeding  and  care 287  31-33 

r281  24— *^8 

hatching,  natural  and  artificial,  directions < ggy  *^S-S1 

incubator,  rearing,  notes 281  27 

number  to  a  hen 287  29 

rearing  in  brooders 287  30-31 

with  hens 287  29 

separating  the  sexes 287  33 

teaching  to  roost 287  33 

Chives,  food  use 295  41 

Cholera,  chicken,  symptons,  treatraeiit 278  44 

Chorogi,  names,  composition,  food  value 295  29 

"  Chunno''  preparation,  food  use 295  17 

Cibol,  food  use 295  41 

Cider,  effect  of  ripeness  of  fruit 293  21 

(\trus  orchards,  California.  Canada  peas  as  green  manure 278  24, 25 

Climate,  Columbia  Basin. 294  9-11 

Clover,  crimson,  comparison  with  nitrate  of  soda  as  fertilizer 278  23 

composition,  fertilizing  materials  in  100  pounds 278  12 

seed,  quantity  per  acre 278  23 

value  as  green  manure,  effects  on  succeeding  crops.  278  22-23 

dis(uise-resistaHt .  seed  selection 296  9-10 

Mexican,  description,  use,  and  value  for  hay  and  grazing 300  5-7 

grazing  hogs,  cattle,  and  horses 300  5-6 

red,  composition,  fertilizing  materials  in  100  pounds 278  12 

experimentsasgreen  manure, effects  on  succeeding  crops.  278  15-16 

sweet ,  seed,  (juant iiy  per  acre 278  24 

sod,  soil  inoculation  for  alfalfa  crop 280  11 

value  as  gn^cn  manure  effects 278  24 

whit(?,  with  Bermuda  grass  for  lawn  or  pasture 281  11 

Coal,  heat  vahie,  cost 277  7 

(.'oal-tar  emulsions,  lie e  killers,  comparison  with  kerosene 276  26 

('ocoos,  description,  comj)()sition.  food  use 295  30,  31 

Codlish  digoslibility  coefiicienis 276  27 

Codling  moth,  apple,  injury 283  23 

description  and  life  history,  number  of  generations 283  25-27 

spraying,  in  the  Ozarks.  .*. 283  1-42 

Coeur  d'Alene  Mountain  region.     *SVr  Columbia  Basin. 

Cold  storatj:e,  evaponucd  apples 291  33 

fruit,  temperature,  length  of  time,  et(r 293  34 

])reserving  eggs ~. 287  42 

Colhtotrichinn  tnfolii  fungus  causing  clover  disease 296  9 

Colony  plan,  chicken  houses,   description,   advantages  and  disad- 
vantages  287      6-7, 17-lS 

'.'olorado  Kiver  sediment,  amount  per  acre-foot  of  water 281  3 

'/.lMi.^i»ia  li-.i.<in    'gricultural  historv 294  11-13 

•'M-eal  crops,  I89}>.*})V  counties 294  12 

limate .* 294  9-11 

irv  farming 294  9-22 

■' -l  tillage  methods 294  13-22 

-uriace  and  soils,  descripticni 294  7-11 

■v)lands.  farm  practice 294  1-30 

.xa      neasurement  by  calorimeter 277  25-26 

"♦'  -   al.  of  exploding  engines,  principles 277  18 

>    i    .n  buildings 280  11-13 

M  ra  I -proof  <-onst  ruction 297  7 

'"^'.  deliniiion 281  32 

oMd......            Ws  used 295  41-42 

\inlo(ln  -           h)h)dit  JJn.  LTa])e  disease,  control 284  36 

oniat^           ...iiirh.  chicken,  symptoms,  treatment 287  43 

ookc-      •     "-^"s.  or  hav  box.  description,  directions  for  making 290  16-19 

'-»^J--     ...  .ds.  effects. 298  15-16,  28 

r.Mt    ( nv<  ts 293  28-29 

..M     -"s,  effects  on  digestibilitv        295  13-17 

•       ^      ■               'Nil|K>*-»<'>"-          wrTii)ti««n..                                 291  7 
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Cooper,  Tex. .  farm  experiments  in  boll- worm  poison  control 290  26 

Coops,  hens  with  chicks 287  29 

Copper  acetate,  use  as  noiistaining  spra v 284  41 

arnnioniacal  solution,  use  on  celery 282  22 

carbonate,  ammoniacal,  use  as  noustainin^  spray 284  41 

sulpliaie  solution  for  Bordeaux  mixture,  directions  for  mak-/283  35 

ing \284  39 

Copperas  treatment  of  grape  anthracnose,  iron  sulphate  solution 284  33 

use  against  weeds,  iron  sulphate  solution 296  10 

Coppice  management  of  woodlot 276  30 

CoRBETT.  L.  C.  bulletin  on  ''Be-ans" 289  1-28 

Corn  acreage  and  production  in  Columbia  Basin,  1899 294  12 

value,  1899,  comparison  with  wheat 298  6-7 

boUworm  lar\{e,  hand  picking 290  25,  28-29 

breads  digestibility,  comparison  with  wheat  breads 298  25 

breakfast  foods,  description,  food  value  and  digestibility 298  21, 24,  39 

by-prod uc;s  list,  uses,  average  composition — ' 298  7, 13-15 

canned,  composition,  food  value 298  35-36 

composition  and  structure 298  8-9 

comparison  with  other  cereals 298  10-11 

wheat  flour 281  19 

of  sugar  com 298  35 

rribs,  rat-proof  construction 297  7 

crop,  acreajre  and  value.  1905 281  19 

culture.  Williamson  method 281  13-16 

degerminating  in  grinding,  effects  on  meal  and  hominy 281  20 

destruction  bv  boUworm *. 290  11, 

18-19,  25, 28 

dietary  value,  defects 298  29-31 

digestibility  coefficients,  simple  and  mixed  diet 281  21 

Egyptian ,  acreage.  California 288  12 

.SVc  a  ho  Dura. 

feed  for  laying  hens 287  21 

feeding  value,  comparison  to  sorghum 288  25 

fertilizer,  use  of  insoluble  phosphates 281  5 

\VilliamiK)n  method 281  14, 15 

fi.Mxl  for  man.  discussion 281  18-22 

importance  to  early  colonists 281  19 

uses,  various  forms 281  18 

value 298  1-40 

foods,  roniparative  cost  as  sources  of  protein  and  energv 298  32-34 

digestibility  exi-eriments / 298  23-26, 39 

preparation,  tests  of  digestibility 281  20 

germ,  separation  in  milling,  uses \ 298  12, 14 

green,  inmpusition,  (•omi)arison  with  other  vegetables 298  36 

lootl  value,  uses,  composition 298  34-37 

grinding,  gain  in  fattening  hogs 276  25 

history,'  various  uses  in  different  countries 298  5-7 

hog  feeding,  with  or  without  tankage,  vield,  comparisons 276  22-24 

hulle«l.  !»! eparation.  crunposition.  foo<l  use 298  17,  21,  39 

immature  ears,  jackling 298  36 

Jerusalem,    names,   characteristics,   seed,   color,  and   time  of 

ripening 288  8, 9, 10 

Kalir.     Sii  Kalir  corn. 

meal,  irranulated.  (U'scription  of  milling  process 298  12 

hog  feeding,  with  skim  milk  or  tankage,  experiments 276  24 

imtrients.  ((jst.  comparison  with  other  fcKxls 298  32-34 

value  in  (li«'t 298  31 

meals,  iu'wcr  t vpes.  difference  in  bread 298  12, 19 

milling  metlKHJs 298  11-12 

mixturo>  for  .-ilage 292  11 

nutrients,  fo-t.  compari.^on  with  other  foods 298  32-34 

parcluMl.  r()injM).«rition.  f«x»d  use 298  17,23 

pickles,  unripe  ears 298  36 

pop,  cniiijM.siti'.n,  f(»i,l  value,  uses 298  13,17,22 
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Corn  products,  average  composition,  comparison  with  wheat  flour 298  19 

composit  ion .  comparison  ^nth  wheat  flour 281  13 

cooked,  composition,  comparison  with  wheat  bread, 

table 298  17 

digestibilitv 281  21 

fo(')d  value.* 298  1-40 

list,  uses,  average  composition 298  7, 13-15 

protein  deficiencies 298  11, 17, 27, 29 

raw,  article  of  diet 298  28 

silo,  time  for  cutting 292  11 

structure  and  composition 298  8-9 

successive  rrop.  with  barnyard  manure 280  10 

sugar,  comj)Osition 298  35 

trap  crop  for  l>oll  worm,  directions,  experiments,  and  results. . .  290  18-19, 27, 31 

use  in  making  macaroni 298  18, 23 

wholesomeness  as  food 298  26-28 

yield  after  cowpeas 278  20 

crimson  clover ^278  23 

red  clover 278  16, 16 

Cornstarch  manufactured  from  corn,  composition,  uses 298  13, 14, 39 

Cotton  ])ollworm.     See  Holhvorm,  cotton. 

cultural  methods  for  boll  worm  control 290  14-16 

early  planting  and  early  varieties  for  control  of  bollworm 290  15,  21,  22-23 

fertilizer,  comparative*  value  of  cotton  seed  and  cotton-seed 

meal 286  1-14 

fertilizers,  u.^e  in  control  of  bollworm 290  15,  21-23, 31 

growers,  disposal  of  seed  to  oil  mills 286  6 

seed  and  meal,  testing  for  fertilizer  value,  experiments 286  7 

germination  tests 285  12, 14 

heavy,  advantage  of  planting 285  1-16 

Upland .  preparation  for  separation 285  6-8 

Sec  also  Seea. 

varieties,  earliness  of  maturity,  experiments 290  22-23 

yield  after  cowpeus .* 278  18 

soy  beans 278  20 

velvet  bean.« 278  22 

Cotton-seed  meal,  fertilizer  for  oats 276  17 

value  in  fertilizing  cotton,  comparison  ^vith  cotton 

seed 286  1-14 

Cover  crops,  orchards,  use  of  legumes 278  13 

Cow  stable,  fireproof,  dcsr-ription 280  11-13 

Cowpeas.  compurison  with  soy  beans 278  20 

velvet  l)eans 278  21-22 

coni])Osition,  l<.TliliziMg  materials  in  100  pounds 278  12 

econoiiii<' importanro  and  value 289  7 

fortilizinj;  \alue  ns  ^recn  manure,  effects  on  succeeding 

(Tops 278  17-19 

lor  corn  land 281  14,16 

with    and    without    tul)ercles.   nitrogen 

yield 278  11 

use  as  tra])  crop  I'or  l*)olhvonii.  benelit  to  land 290  19,  31 

Cows,  (Uiiry.     S<(  Hairy  cows. 

Crnponin/iii.'KjiKiJi.s.  disirilnition,  life  history,  habits,  and  control..  284  16-^19 

Crates,  celery,  dcs(Tipti<»n 282  34,35 

fruit  evaporation 291  22 

Credit  system,  tenant  larniinir,  injuri<>us  effects 299  8 

Cril)S,  corn,  rat-proof  (•on>trnction 297  7 

Cro])  bound  chicken,  syjnptonis.  treatment 287  44 

(Yop])inijj  system.  ]»roliial>le  dairy  farm 280  9—11 

Crops,  diversified  hirmiirj:  r'xperimonts.  acreaire.  tenants,  and  num- 

l>er  of  live  sto<k'. ; 299  13 

rotation  after  irreen  manures 278  14 

('r()ss-l>ree(ling  e\perini<Mits  witii  t»>niatoes 296  13-14 

Crown-pill,  *j:raj>e.  treatment 284  37 

<'ultivation,  clean,  control  of  irrajte  root -worm 284  11 

Curculio.  grape.  <li.Mril.nii(m.  life  historv,  habits,  ami  coiurol 284  16-19 
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Curing  field  beans 289 

Curtain-front  chicken  house > 287 

Cuttings,  mulberry,  directions  for  rooting 276 

Daimler  carbureter,  description 277 

Dairy  cows,  feeding  beggarweed  hay  and  velvet  beans 300 

rations,  profitable  farm 280 

soiling,  use  of  Guinea  grass 300 

succotasn 276 

farm  buildings,  description 280 

eauipment 280 

laoor,  division,  cost 280 

manure  handling 280 

profitable,  financial  statement 280 

feed,  value  of  beggarweed  as  hay  or  silage 300 

herd,  upgrading,  directions 296 

tenant  farm,  profitable,  details 280 

*  *  Daniping ''  celery,  cause  and  prevention 282 

Day,  John,  Lake.     See  Columbia  Basin. 

Degerminating  corn  in  grinding,  effects  on  meal  and  hominy 281 

{281 
208 

Delaware,  alfalfa  experiments 276 

peach  growing,  decline 276 

Deluge  spnnklers  for  refer}' 282 

Demonstration  8pra\ang,  apple  diseases,  Arkansas 283 

17-18, 
Denatured  alcohol.     See  Alcohol,  denatured. 

Denitrifying  bacteria,  action 278 

Desiccated  carrots,  food  use ^ 295 

fruits.     See  Fruits,  evaporated;  also  Fruits,  dried. 

milk,  definition 281 

potatoes,  preparation,  composition,  and  food  value 295 

sweet  potatoes,  food  value 295 

DesminfimeraUs,  description,  treatment 284 

Desinodium  tortuosiim.     See  Beggarweed. 

Diarrhea,  chicken,  svmptoms,  treatment 287 

Diet  corn,  value,  defects : 298 

place  of  f niit 293 

potatoes 295 

sweet  potatoes 295 

simple,  low  digestibility,  comparison  with  mixed  diet 281 

well  balanced ,  example 298 

Dietary  studies,  fruits  and  nuts 293 

Digestibility  corn  foods,  experiments 298        23-: 

in  simple  and  mixed  diet 281 

lish,  study 276 

fruits,  study 293 

poultry,  sliidy 276  : 

Dioscorea,  description,  coinpo.sition,  food  use,  and  digestibility 295 

Diphtheria,  chic  ken,  svmptoms,  treatment 287 

Dips,  lice  kiUers * 276  ! 

Dis(^ase,  ])acterial,  bollworm  destniction 290 

conveyance  l>y  rats 297 

nodule.     S(e  Nodule. 

Diseases,  a])ple.  spmying  in  the  Ozarks 283 

celery,  causes,  symptoms,  and  control 282  I 

chicken,  description  and  treatment 287 

tung.nis,  of  gra])es,  (»ast  of  Rocky  Mountains 284 

plant,  prevention  by  soil  sterilization 296 

Disking  ])efore  plowing  tor  summer  fallow,  advantages 294        16-! 

Distillates,  petroleum,  names,  values 277 

Diversifi«'(l  farming,  Louisiana,  experiment 299 

under  plantation  system 299 

Does,  destruction  of  rats 297 

Dolichos  l)eans.  common  names 289 
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Downy  mikUnv,  grape,  description  and  treatment 284  30-32 

Drainage,  alfalfa,  necessity 276  12 

Dried  carrots,  food  use 295  37 

potato(?8,  composition,  food  value 295  17 

sweet  potatoes,  food  value 295  27 

See  also  Desiccated. 

Drought  resistance,  nonsaccharine  sorghums 288  12 

Dry  farming,  Columbia  Basin 294  9-22 

feeding,  la\dng  hens -287  20-21 

Drying  fruit,  distinction  from  evaporation 291  6 

See  aho  Evap(.)ration. 

Duck  digestibility  coelHcients 276  27 

Dura,  acreage,  California 288  12 

seed,  color,  time  of  ripening 288  8, 10 

quantity  per  acrn 288  15 

sorghums,  varieties,  names,  characteristics 288  8. 9 

yields  of  seed  and  fodder 288  20 

Dust  boxes,  chicken  h(»use,  composition,  size 287  11 

Dusting  method,  Paris  green  api)lication  to  cotton 290  25-27 

Early  Wilbur  wheat,  quality,  yi«dd 294  25,  30 

Eastern  United  States,  alfalfa  culture  experiments 276  9-14 

Eddo(?s,  description,  comp^.'sition,  food  use 295  30,  31 

Egg  breeds,  chickens 287  5 

eating,  ("hicken.  t reatment 287  47 

production,  management  (»f  hens 287  19-27 

volks,  color,  effect  of  feed 287  26 

Egg-l)Ound,  chicken,  cause,  tn-atment 287  46 

Eggs,  feed  for  young  chicks 287  32,  33 

for  hatching.  iuiml)er  Xo  hen:  testing 287  28 

pn^served  in  water  elass,  testing 290  29-31 

[287  41-42 

^^^^•«^'^^"^^' 1296  29-31 

selling,  methods 287  40 

scifting,  ])acking.  shi])piiig.  and  testing  for  market 287  40 

strong  germs  esst-ntial  to  good  hatch 281  14 

turning  while  hutching 281  26 

Egyptian  corn.     Sf<  Corn.  Kiryptian:  a/so  Dura. 

''Elephants'  oars."  compositi(»n,  food  use,  digestibility 295  30,31 

Elevators,  silo,  types,  description,  cost  of  work 292  13 

Energy,  food,  cost  in  corn 298  32-34 

Engines,  adaptability  of  various  types 277  10-12 

alcohol,  lir-t  use,  development,  adajnability,  exhibitions 

in  Europe,  cost,  etc * 277  12-15, 37-39 

ex])loding.  mechanism.  ])rinciples  of  internal  combustion. .  277  15-18 

farm,  use  <.f  alcohol  and  L'asoline 277  1-40 

thermal  elliciency.  n-laiion  to  cost  ("f  fuel 277  S-10 

Ethyl  alcohol,  soccilic  irravities.  Smithsonian  tal)le 277  24 

Evaporated  ap])les.     Stt  Api)lcs.  evaporated. 

fruits.     Sn  Kruils.  <lri(d;  aho,  Fruits,  evaporated. 

milk,  (lelinition 281  32 

})otatoes.  pre]»aration.  composition,  food  value 295  17 

>weet  jM.tatncs,  f(...d  value 295  27 

Evaporation.  ai>ples 291  1-28 

tniit.   preparation.   ])aring,   trimming,   bleaching,  and 

>li(  iiiir 291  27-29 

t«'Miperatiire,  turning,  time  i(»r  drying,  testing..  291  30-32 

Evaporator  appliance.-,  etc..  di-scription,  use,  and  cost 291  18-26 

<-(.ok-si'.\.'.  .le>,ri|)ii<»n 291  7 

Evaporators.  cal)iiiet.  deMrijdion 291  17 

kihi,  .lesi-ripiinii.  <•(  m 291  8-15 

l)ortal»le.  ..iu-dn(.r.  (le.-eri}>iion 291  7 

tow er.  descri})! ion 291  15-16 

types.  <l<-cripnoiis 291  6-17 

Exhibitions  alcohol  enunne^^.  in  Kuroju^an  c-ities 277  13 
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Experiinem  Station  Work  XXXIX 27G  1-32 

XL 281  1-32 

XLI.. 296  1-32 

Stations  (.)ftice,  testing  alcohol  in  gasoline  engines 277  14 

Experimental  farms.  lK)lhvc>rm  investigations,  list  with  location  and 

SI  z  e 290  20 

ExpltKling  engines,  mechanism,  principles  of  internal  combustion. .  277  15-18 

Expl<»<ive  mixtures,  flame  propagation,  rate  and  manner 277  20-22 

for  us(.»  in  engines 277  18 

limits  of  proportion 277  19 

Exports,  fruits,  dried,  canned  and  preserved,  1906,  value 293  37 

Fallowing,  summer,  reasons  fnr.  methcnls 294  13-21 

Farm,  dairy.     Sw  Dairv  farm. 

engines.  us(.»  of  alcohol  and  gasoline 277  1-40 

practice  in  ('oluml)ia  Basin  Uplands 294  1-30 

tenant  dair>'.  ])rolitable 280  1-lG 

\vnodl<»t.  management,  suggestions 276  29-32 

Farmers'  Ah 'S.  partnership  arrangements 292  15 

Farming  diversified.  Louisiana  ex])eriment 299  9-13 

under  plantation  system 299  1-14 

liill  and  river  bottom  lands,  comparison 299  8 

.<in^de-(ro]>  .'^y.^tem.  permanency,  discussion 294  27-29 

Farms,  cxiu'rimental.  bnlhvorm  investigations,  list  with  Itx^ation  and 

size 290  20 

FatK-nintr tliickens 287  36-38 

(Tate,  chirkcns.  tlire<'tions 287  36 

feed  lor  chicktMis 287  38 

hngs.  ex]>erimenbJ 276  21-24 

ground  corn,  value 276  25 

piirs  after  cattle 296  21-23 

Feather  eatin*;.  chicken,  treatment 287  47 

Fee<l.  animal,  fnr  young  chicks 287  33 

fattening,  for  chickens 287  38 

green.  f(»r  laving  hens 287  23 

Mtting  hens.* 287  29 

Mock,  fodder  of  nonsaccharine  s<^)rghums 288  21 

trough,  chicken  In.usc .' 287  11, 15, 16 

Feeding  chicks 287  32-33 

dry.  laying  hens 287  20-21 

laying  hens.  metlnMls 287  25-26 

ma.^^h.  laving  hens,  fonnulas 287  21-22 

.Mock,  sorghum  grain 288  23-25 

whole  grain,  experiments 296  21-23 

Fence  ])osls.  Russian  mulherrv 276  7 

Ferments,  friiit.  medicinal  value 293  36 

Ferrets.  de.Mruction  of  rats 297  6 

P\*rtili/.er.  coMiiuenial.  comparison  with  cowpeas  green  manure 278  18 

gra.<s  land,  c<>mparison  with  staVde  manure. .  276  18-20 

c<.rn.  Williamson  methcnl 281  14, 15 

« i»tti.n.  tom]>arative  value  of  cotton  seed  and  cotton-seed 

meal 286  1-14 

oxjwriments  in  boll  worm  control,  vield 2JM)  22.  23 

u.-e  of  acid  ]»h<»sphate  and  kainit  with  see<l  or  meal.  286  7,9, 10 

Fertili/.r>.  alfalfa 276  13,  14 

celery 282  10-11 

cnniM-nial.  u.<e  on  celery 282  11 

<«'TTon.  uso  in  bollworm  control,  notes  on  ingre<lients 21K)  15,21-24 

.:r«MM»  inaiiuring  comparison  with  feeding  croi)s 278  12 

..at.v.  trMs 276  17 

p«Mch  on-hards 27f)  5 

Fenili/ing  motion.  conii»arati\e  value  of  cotton  see<l  and  cotton-seed 

meal 286  1-14 

material  in  KM)  ])ounds  various  legumes,  table 278  12 

value  i.f  -ediment  of  irrigation  water 281  8-10 

Fidia  i'.tirl(f(f.     S,(  (ira]io  r(M>t-W(»nn. 
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Fidiobia  Jlavipes,  i)arasite  of  grape  root-worm : 284 

Fireproof  ))arii  an<l  stable,  dairj^  farm 280 

Fires  caused  by  rats 297 

Fish  digestibility,  study 276 

Flea-beetle,  grapevine,  description,  life  historj',  treatmeut 284 

Floats.     Sf.c  rhosphates,  insoluble. 

Floors,  chicken  house,  different  materials 287 

Flour,  com,  comp()sition,  uses 298 

paste,  use  in  rolling  seed  for  separation 285 

wheat,  (!(>mj)osition,  comparison  with  corn  and  corn  products.  281 

298 

Fodder,  nonsaccharine  sorghums,  feeding  value  and  use 288 

Foliage,  injuries  l)y  sprays 283 

Food  laws,  sulphurous  acid  in  evaporated  fruits 291 

use  of  corn 281 

fruit 293 

value  of  corn  and  corn  products 298 

Foods,  y)reakfast.  corn,  description,  food  value  and  digestibility 298 

corn,  digestibility,  experiments 298 

other,  and  fruits,  nutrients,  comparative  cost,  table 293 

F(jrdge  plants,  ( lull  <  'oast  region 300 

Formalin,  oats  smut  prevention 276 

troatmcnt  tjoed  beds 296 

Fortyfold  wh^'ut ,  description,  advantages 294 

Fountain,  drinking,  chicken  house,  care 287 

Frostbite,  chicken,  treatment  28? 

Fruit,  canned.  1904,  value 293 

bad  oiiori  of  light 281 

cooking,  effects 203 

digest ibilitv  studies , 293 

dried,  valu('.  11)04,  1900 293 

evaporate<l.  curing  room 291 

evaporation,  linal  stage 291 

prcjunation,  parinu:.   trimming,   bleaching,  and 

slicing r. 291 

tempeiaiure,  turning,  time  for  drying,  testing..  291 
evaporators.     Stc  Evaporators. 

hvirieiiic  vaUie 293 

iiidustry.  V .  S.  statistics 293 

jars,  varieties,  di.^cussion 281 

marketing  and  haridlinij: 293 

metho<ls  of  serving 293 

overripe,  decayed,  and  unripe,  studi<*s.  u.se 293 

paring  and  sli<:ing  machines,  <h'Scription.  cost 291 

\)h\(('  in  diet 293 

ripening.  »'ff<'ct  on  comjjosition 293 

shi}»pin<:.  improved  m<'tlio<ls,  iTicrease<l  supply 293 

siorin.LT.  cn«'ci  on  (piality 293 

sui>])l y  and  market  conditions 293 

iinrijM'.  most  sat i.^-fnctory  lor  jtdly  making 293 

use  as  foo.l .* ' ■ 293 

111  ilization  of  jioorer  grades 201 

wasliinir,  im])ortance  to  cleaidiness 203 

Fruitarian  diet.  investiLrations.  notes 293 

Friiil-l)lo|cli.  ai»ple.     S,,  niot<'h. 

Fniils  and  iruil  pn»(lu<'is,  merai^e  composition 293 

other  I'oods.  nutrients,  comparative  cost,  talde 293 

canned,  presersed.  (-tc.  ex])orir:  and  imports  1900 293 

sioriiii: 281 

coli.r  and  llavor 293 

com))osiiion  an«l  nutritive  \abie ^ 293 

dietary  stu.lic^s 293 

dried,  nutritive  value 293 

evajtoraied.  jluid  p./r  cent,  standard 291 

laws,  I'nited  States.  State,  and  foreign 291 


Pag**. 

10 

11-13 
o 

26-27 
23-24 

9 
13.14,39 

19 

13 

21 

40 

33 

18-22 

1-38 

1-1*0 

21,  24.  39 

23-26,  39 

1-15 
17 
13 

26.30 
11 
45 
37 
22 
2S 

25-26 
37 
32 
29 

27-20 
30-32 

35-36 

36-37 

23 

32-34 

21—22 

30-32 

13, 18,  22 

22-24 

20-21 

0 

34 

0 

21 

1-as 

5 

33 

22-24 

14-15 

37 
22-24 

io-ii 

11-19 
22-24 
"''  16 
33 
33-34 


13 


Farmers' 
Bulletin  No. 


Fruits,  p:rown  in  United  States  in  1899,  value 293 

importance  in  diet 293  : 

tropical,  description,  uses  as  food 293 

.    wild  and  cultivated,  uses,  modifications 293 

Fuel  cost  per  horsepower,  tables 277 

fruit  evaporation,  kind  and  quantity 291 

vaporization,  devices 277 

Fuels,  energy,  comparative  cost 277 

cost,  table 277 

farm  engines 277 

heat  measurement  and  cost 277  7, 

liquid,  characteristics 277 

Fumigation,  chicken  houses  with  sulphur 287 

Fungi,  cause  of  apple  leaf-spot  diseases 283 

Fungicides,  grape,  preparation  and  use 284  38-41, 

Fungous  diseases,  grape,  description,  control 284 

east  of  Rocky  Mountains 284 

Fungus,  anihracnose,  grape,  development,  injury  to  grapes 284 

apple  scab,  development 283 

bitter-rot  in  apples,  development 283 

downy  mildew,  development,  injiu^  to  grapes 284 

grape  ripe-rot,  resemblance  to  apple  bitter-rot 284 

powdery  mildew,  development,  injiu^^  to  grapes 284 

Furnaces,  fruit  evaporators,  capacity,  pipes,  etc 291 

Gall,  crown,  grape,  treatment ,. 284 

Gapes,  chicken.  caus<:',  treatment 287 

Garlic,  composition,  food  use 295  J 

Gas  engines,  adaptability 277 

thermal  efficiency 277 

heat  value,  cost .' 277 

producing  plants,  thermal  efficiency 277 

Gasoline  engine  and  pump  for  spraying 284  ^ 

engines,  adaptability,  uses 277 

farm  engines,  use. ,' 277 

heat  value,  cost 277 

Germany,  government  assistance  to  development  of  alcohol  engines.  277 

l>ractiral  use  of  alcohol  in  farm  engines,  results 277  3 

Germination  tests.  Sea  Island  cotton  seed  after  separation 285 

Upland  cotton  seed  after  separation 285 

Giant  tomato,  seedless  variety 29G 

Gila  River  sediment,  amount  per  acre-foot  of  water 281 

Ginger  root,  composition,  use  as  condiment  and  confection 295 

UloincaUa  nifoiuacuUms,  fmigus,  cause  of  bitter-rot  in  apples 283 

grape  ripe-rot,  control 284 

Glucos<'.  li(iui(I  and  solid,  manufactured  from  com,  composition  and 

uses 298        13,  ] 

])otato,  manufacture 295 

Gluten  f<'e(ls,  manufacture  from  com 298 

Ghjdnc  hi.spicla.     Set  Soy  beans. 

Gould.  H.  P.,  l»ulletin'on  "  Evaporation  of  Apples " 291 

Grain  1<'<-(1  for  chicks 287 

<« TL'liuni,  iood  for  man  and  stock 288  S 

wlmh'.  l«'e<ling  exj)eriments 296  i 

Grains.  <«nal.  av«  rage  composition 298  1 

1««'<1  for  laying  hens 287 

(trap*-  aiiihrarno.*^*'.  description,  treatment 284  2 

iM-nv  iii«»ih.  distrii)Ution,  description,  life  history,  and  con- 
trol    284  ] 

l'itt(r-r<n.  description,  control 284 

•  •lack-rnt.  (lc.<crij)ti(in,  control 284  5 

crnwii-LMll.  tr«  atiiient 284 

cnlfivaiiun.  i(»r  <'ontrol  of  r(X>t-worin 284 

(  unulic.  (listril>uti(>n.  lif«'  history,  habits,  and  control 284 

(liHas«'>.  (!♦  script  inn.  control 284 

d<t\vny  iiiild«\v,  de.«cription,  treatment 284 
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Grape  iuu^iei  <lot«,  pn'jmrution  and  use,  directions 284  38-41, 46-48 

iungov^s  (liwas**.*',  desxTiption.  control 284  28-30 

iusftect  and  fungous  enemies  east  of  Rocky  Mountains 284  1-48 

Icai-foldcr,  drycription,  trt'atnient 284  22 

leai-lioppor,  d<\scription,  life  history,  and  control 284  19-20 

powdery  mildew,  description,  treatment 284  32-33 

ripe-rot ,  d<»scription,  control 284  35-36 

root-rot,  causes,  prevention 284  37 

root-worm,    distribution,    description,    life    history,    treat- 
ment   '. 284  6-12 

parasites 284  10 

white-rot,  description,  control 284  36 

Grapes,  American,  resistant  to  phylloxera,  use  as  grafting  stock 284  5 

cultivation,  use  against  injurious  insects. 284         11,  21.  26 

infected  fruit  and  leaves,  destruction  to  control  fungoiw  dis- 
eases   284        32,  35,  37 

infeyttnl  l>erries  and  heaves,  destruction 284         15,  21,  23 

shelling  or  dropping,  causes 284  37 

spraying  dire<tious  and  outfits 284  38-48 

Grapevine  flea-r)eetle,  description,  life  history,  treatment 284  23-24 

Grass,  Bermuda,     ^cc  Bermuda  grass. 
Johnson.     «S\f  Johnson  grass. 

land,  improvement,  experiments 276  18-20 

Grasses,  Gulf  coast  region 300  1-15 

Grasshoppers,  celery,  control 282  22 

Gray-rot,  grape,  descript ion,  treatment 284  30-32 

Grazing  cattle.  Para  grass,  value 300  15 

hogs  and  horses.  M<'xican  clover 300  5-t) 

value  of  (luinea  grass 300  13 

Green  feed  for  laying  hens 287  23 

manure.     Src  Manure,  green;  also  Legimies. 

manuring,  h'guminous  crops 278  1-27 

Grit  boxes,  chicken  house 287         11, 15,  16 

for  youiii;  chicks 287  33 

requirements  of  hiving  hens 287  24 

(irouj)  UK'thnd  of  managing  farm  lots 276  32 

Gru«'l,  corn  meal,  preparation 298  20 

Guava.  uses  as  f< >od 293  12 

Guujnanlia  hidadlii,  fun«,'us  causing  black-rot  of  grape,  control 284  29-30 

Guinea  grass,  description,  characteristics 300  11 

origin,  pn^pagation,  use  for  grazing  and  soiling 300  11-13 

Gulf  coast  region,  souk-  important  grasses  and  forage  plants 300  1-15 

GunpowdiT,  ingn'dients.  method  of  combustion,  explosiveness 277  18 

Ilaltirn  chahjhra.  descripi ion.  life  history,  treatment 284  6-12 

Haricot  In-ans.  origin,  uses 289  6 

Harrow,  right-lap  cutaway.  us<'.  descrii)tion 294  16 

Hartnian.  experiments  with  alc(>hol  as  engine  fuel 277  13 

llarv.ster.  Ix-an.  <lescription t 289  14,  16 

Harve.-ters,  silage  corn,  use 292  12 

Harvesting  beans,  .-trinir  or  .-nap.  for  market 289  23-25 

(clerv 282  31 

Held  l)eans 289  14-16 

Lima  Ix-ans 289  27 

sorghum  for  hay  <.r  si]ag<* 288  17-19 

"Hasty  pudding."  making,  use 298  19,  38 

Hatching  chicki'ns.  metliods,  natural  and  artificial <5<.-  9«  5l 

Hay.  liernmda  gra.-^s,  analysis.  comj)arison  with  other  grasses 281  12 

box  or  lirele.<s  cooker.  des(Tij)tion,  directions  for  making 296  16-19 

clover.  ivv(\  for  hiying  hens,  preparaticm 287  23 

gra.s-es  an<l  forage  plants  for  (nilf  coast  region 300  1-15 

John.-^on  gra.ss  grown  in  rotation  with  other  crops 279  15 

TK>nsaccharine  sorghums,  value 288  26 

llealih,  hens,  drop})ings  as  indicati<m 287  22 

Keari-rot ,  celery,  caus<',  prevention 282  22 
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Heat  energy,  different  fuels,  measurement  and  comparative  cost . . .  277  7 

Heating  apparatus,  fruit  evaporation 291  23-25 

Hedges,  Russian  mulberry 276  7 

Helianthus  tuberosus  composition,  food  use 295  28 

Heliothis  obsokta.    Sec  Boll  worm,  cotton. 

Hellriegel  and  W'ilfarth.  discovery  of  nitrogen-fixing  tubercles  on 

legumes 278  8 

Hens,  age  for  egg  production 287  *  27 

droppings  as  indication  of  health 287  26 

feeding  methods 287  25-26 

systems 287  20-22 

liatching  chicks,  directions 287  29 

laying,  exercise 287  27 

management  for  i'gg  production 287  19-27 

molting,  care  and  feed 287  26 

setting,  directions 281  25 

feeding  directions 287  29 

Sec  also  Chickens. 

Hog  cols,  description,  directions  for  construction,  cost,  etc 296  27-29 

pens,  descnption,  directions  for  construction,  cost,  etc 296  27-29 

Hogs,  alfalfa  pasture,  value 276  10 

fattening,  experinumts 276  21-24 

ground  corn,  value 276  25 

feed,  use  of  Kafir  corn 288  24 

feeding,  ground  ctjrn.  value 276  25 

tankage  and  l)one  meal,  experiments 276  21-24 

grazing,  Mexican  clover 300  5-6 

velvet  beans 300  10 

scaling,  use  of  succotash 276  20 

wallowing  vat  for  killing  lice 276  26 

Hominy,  description,  composition,  use 298  12, 13, 19, 38 

1  ye,  comi)osition,  prei)aration,  food  use 298        17, 21, 39 

Homogenized  milk,  definition 281  32 

Honey  vinegar  making,  directions 276  28-29 

Hors< 'power,  measurements  in  engines 277  8-10 

of  engines,  fuel  cost 277  10 

Horse-radish,  composition,  use  as  condiment 295  41 

Horses,  iovd,  Mexican  clover 300  6 

use  of  Kafir  com  and  milo,  preparation 288  24 

pasture  plants.  ( hilf  coast  regi<m 300  6, 8, 13 

Hose,  spraying,  requirements 283  39 

Hot -bulb  vap<>rizer.  description 277  29-30 

Humanized  milk,  description 281  30 

HrxTER.  Byron,  bulletin  on  "Farm  practice  in  the  Columbia  Basin 

Uplands  • 294  1-30 

Hyacinth  bean,  synonyms 289  7 

Hygien(»  of  fruit.  suj)posed  medicinal  properties 293  35-36 

ldah(».  western.  Columbia  Basin,  cereal  cwjps,  1899 294  12 

Ignition  teni})erature.  explosive  mixtures 277  19 

Illinois,  alfalfa  ex])eriments •. 276  10 

lmj)lements  for  summer  fallowing 294  15-20 

lmjK)rts.  fruits  j)re})ared.  preserved,  and  dried.  1906,  value 293  37 

Incubation,  chickens,  natural  and  artificial 281  24-28 

ln<u)»ator  chicks,  rearing  with  hens 281  27 

lncul)atnrs.  hatching  chicks 287  30 

nianagenieni 281  26 

tests,  coini>aris<m  with  setting  hens 281  25-26 

Indian  com.     Sn  Corn, 

fig.  uses  as  food 293  12 

Territory,  cotton  bnllworm  injury,  1903-1900 290  12-14 

Indiana,  alfalfa  experiments 276  10 

Inoculation  alfalfa  s^iil,  methods,  comparis4m 276  13 

soil,  leguminous  crops,  methods 278  9 

with  sweet  clover  soil  for  alfalfa  crop 280  11 
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Insect  enemies,  celery,  control 282 

grape,  (lescripti<;»n  and  treatment 284 

east  c»i  Rocky  Mountains 284 

pests,  chicken,  treatment 287 

powder,  use  on  broody  hens 281 

Insecticides,  grape,  directions  for  application 284 

'   proprietar\'.  cost,  prohibitive 281 

soluble  oils,  comparison  to  lime-sulphur  wash 281 

Insects,  shade  trees,  combating 296 

Internal-combustion  engine,  invention  by  George  Brayton 277 

engines,  mechanism,  principles 277 

Ipomoea  batata.    Sec  Sweet  potatoes. 
Iron  sulphate.     See  Copperas. 

Irrigation,  celery,  systems 282 

water  sediment,  fertilizing  value 281 


Page. 

22-23 

5-26 

1-48 

47-48 

26 

26-28 

18 

17-18 

19-21 

12 

15-18 


15,16 
8-10 


Jamaica  sorrel,  use  as  food,  description 293 

Jams,  use  in  diet 293 

Jarring,  use  against  grape-eating  insects 284 

Jars,  fruit,  varieties,  discussion 281 

sealing  devices. 281 

Jelly  making,  notes 293 

Jenkins  wheat,  qualities 294 

Jerusalem  artichoke.  comx>osition,  food  use 295 

corn,   names,  characteristics,  seed,  color,  and    time    of 

ripening 288 

Johnny  cake,  description,  composition,  digestibilitvAame 298 

cakes,  feed  lor  yuung  chicks,  recipe JH 287 

Johnson  gra.ss,  eradication ^if 279 

by  careful  tillage 279 

cutting  back 279 

choniical  methods  not  practical 279 

Hxperiments 279 

luetliod  l)ased  on  rootstock  habits 279 

life  history.  root.<tock  habits,  types  of  development..  279 

rotations  with  jrrain  and  plowe<i  crops 279 

Jones,  0.  K.,  and  F.  C.  Bishopp.   bulletin   on  "The  cotton  boll- 
worm' 290 

Fife  wlieat,  description  and  (jualities 294 

Juices,  fruit,  food  value 293 

Kafir  corn,  acreage  and  production,  Kansas  and  Oklahoma 288 

feeding  hogs 288 

mixtures  i«  .r  «  attic 288 

seed,  color.  tiuK/  oi  rij»ening 288 

quantity  per  acre 288 

varieties,  name.-.  rhanK-t eristics 288 

\'iel(is  of  :^ced  and  u .dder 288 

Kaiuit,  addition  to  c-tton  feriilizer 286 

Kansi\s,  Kafir  com  and  milo.  acrejire  and  production 288 

seed  law  reecnniioiKhinon 296 

/276 

•/1284 

u^e  aLMin>r  cuony  maple  scale 296 

•  n  LM'iqM'  Icai-hopper 284 

■_:ra]H-  \iiic.<.  |..reparati(.)n 284 

valu.-a^  li.-,.  killer 276 


Kerosene  emulsion,  formulas 


en<:iiies.  ada  j>ia"t':lit  \ 

heal  valn«'.  «-">f '. 

Kidney  boans.  oris/in.  u.-*-.- 

Kiln  evaporal'-rs.  <,le>«  ripri.  i:. 
Kinu:  <"olt(>n,  oarline-^  "f  :;i.i?".i 
Kohl-rabi,  compfsiiit  ii,  i  .  •[  •■ 
Korlins;  lirntln-rs,  al«'  !]   1  *'\)j.\ 


TV  ''Xjicrimenls 

1"  i!  'Tiual  el}i<-iencv,  etc 


277 
277 
289 
291 
290 
295 
277 


13 
24 
11, 21, 24, 26 
23 
23 
29 
24 
28 

8,  9, 10 

17, 24, 31 

33 

1-16 

13 

16 

14 

5 

10-12 

6-10 

14-15 

1-32 
26 
18 

11 

24 

23 

8,10 

15 

8,9-10 

20 

7,10 

11 

8 

26 

28 

20 

21 

28 

25-26 

11 

7 

6 

8-15 

23 

33,39 

13 
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Labor,  dairy  farm,  division  and  cost 280  14 

silo  iilUng,  cost  and  arrangement 292  6, 9-10 

Lake,  John  Day.     Sec  t'olumbia  Basin. 

Lambs,  nodule'disease.  bare-lot  methiKl  of  rearing 281  28-2^ 

rearing.  Ijare-lot  methcKl,  to  avoid  nodiilo  disease 2S1  28-29 

stoniacli  worms,  use  of  sjilt 281  29 

Land,  poor,  improvement  hy  rotation,  crimson  clover  and  cowpeas.  278  23. 
Langworthv,  C\  F.,  bulletin  on  "Potatoes  and  other  root  crops  as 

f(X)d*' 295  1-45 

'*Use  of  fruit  aa  food" 293  1-38 

Lantz,  David  E..  bulletin  on  "Methods  of  destroying  rats'* 297  1-8 

Lasius  brumuun,  var.  alUnus,  enemy  of  grape  root- worm 2S4  10 

Late  scab,  apple,  d«\s(ription.  cause  and  control 283  14-18 

Jjaw,  st»ed.  recommendation  for  Kansas 29<>  8 

Laws,  evaporated  fruits,  UnittHi  States.  State,  and  foreign 291  33-34 

Lead,  arsenate,  u.se  on  grape\-ine3,  directions 284  27 

shade  trees,  directions 290  20 

with  Bordeaux  mixture  for  codling  moth 283  27,  28,  29,  37 

Leaf-folder,  grape,  flescription,  treatment 284  22 

I^af-hopper.  grape,  descnption.  life  history,  and  control 284  19-22 

I^af-spot,  celery,  cause,  prevention \ 282  21 

diseases.  ai)ple,  cause  and  treatment 283  18-20 

Leaf-tier,  celery,  injury,  ccmtrol 282  23 

Leathers,  f niit .  use  as  f( K)d 293  19 

I^ekF,  food  use 295  41 

Legum(\s,  fort  ilizer  f«>r  «»at8.  value 276  17 

use  of  insoluble  phosphates 281  6 

t ub(»rcles,  nnxle  of  se<uring  nitn»gcn  from  air 278  8 

Leguminous  cn>ps  comi)osition 278  11-12 

for  green  manuring 278  1-27 

princii)al.  description 278  7, 15-27 

Lice,  chicken,  contn.l 287  48 

treatment 281  26, 27 

hog.  (li]>s  lor  extermination 276  25-2ft 

Lima  beans,  chanicteristics 289  6 

types,  i^lanting,  cultivation,  harvesting,  etc 289  25-27 

Limber  neck,  chicken,  sympl<»ms,  cause,  treatment 287  47 

Lime,  alfalfa  cidtivation.  use 276  13 

and  stable  manure,  erYe<t  on  cn>j>s 281  7-8 

'*S4  27 

forms  and  mctho<ls  <>f  aPldi^'ation,  effects 2S1  7-8 

reciuircments  of  laying  hens 2S7  24 

'>H4  Vi 

use  afuT  ^c<»n  manures 278  14 

on  (  elcry 282  10 

Liino-sulphur  wa>h.  coniparisf)n  with  soluble  oils  for  San  Jose  scale.  281  17-18 

Limewatcr.  prcscrviiiLr  ciru'- 287  41 

Linters.  dofcrtivc  Sea  l>land  cotton 285  15- 

Listing  so rLrlmnis.  advantatrcs  aii<l  disadvantages 288  1& 

Litmus-pa])cr  tcM  of  acidiiv  of  s  >il 2i)6  6- 

Little  (1ul»  wheat.  dcscrij)ti«.n.  yield 294  24,30 

Ii<)<iuat.  use  n<  I'kkI.  (lescripti«»n 293  13 

I>»uisiana.  diver>itie«l  fariuiiii:  experini(»nt 299  9-13 

LrcKE.  ('mkki.k>  Ki»wAin>.  und  S.  M.  Woodward,  bulb  tin  on  "Tse 

of  alcolio]  and  ums<  line  in  farm  •  iijzines" 277  1-40 

Macaroni,  use  of  corn  in  nianufaciun* 298  23-26^ 

Machinerv'.  fruit  "vajK.ration 291  8,. 

10-13, 18-22 

Maine  alfalla  experiments 276  10 

Experiment  Station,  chicken  hou.^e,  description 287  14 

Maize,  descriptinn  by  Hariot.  15.^8 298  6 

Sfc  alfio  Corn. 

5:3()23    t).K  — 2 


18 

Fannen' 
BuUetin  No.  Page. 

Man^,  description,  use  as  food 293  13 

Mamhot  cdpi,  composition,  food  use 295  30 

Manure,  barnyard,  alfalfa 276  14 

comparison  with  green  manure 278  12 

com,  successive  crops 280  10 

fertilizer  for  oats,  value .' 276  17 

use  on  celery 282  10 

green,  advantages  and  objections 278  6-7 

choice  of  crops,  points  determining 278  14 

comparison  with  barnyard  manure 278  12 

crops,  composition 278  11-12 

principal,  description 278  7, 15-27 

to  follow :.  278  14 

fertilizer  for  oats,  value 276  17 

object  and  effect  on  land 278  5-6 

handling,  profitable  dairy  bam — 280  14 

spreader,  use  on  dairy  farm 280  14 

stable,  grass  land,  comparison  with  commercial  fertilizer...  276  18-20 

Manuring,  green,  leguminous  crops 278  1-27 

Marketing  celery 282  32-33 

evaporated  apples 291  34-38 

poultry  and  poultry  products 287  38-41 

Maryland  alfalfa  experiments 276  11 

peach  growing,  decline 276  5 

Mash  feeding  for  laying  hens,  formulas 287  21-22 

Maybach's  carbureter,  description 277  34 

McGlell.\nd,  C.  K.,  and  D.  A.  Brodie,  bulletin  on  **  Diversified 

farming  under  the  plantation  system  " 299  1-14 

Meal,  com.    See  Corn  meal. 

cotton-seed.     See  Cotton-seed  meal. 

meat  feed  for  la>Tng  hens 287  22 

"Mealies,"  use  of  word  in  South  Africa 281  19 

See  also  C<.>m. 

Meat  breeds,  chickens 287  6 

meal,  feed  for  laying  liens 287  22 

scraps,  feed  for  laying  hens 287  22 

Melancoiaum  fuliginciLin,  grape  disease,  control 284  36 

Michigan,  alfalfa  experiments 276  11 

growing,  success 280  11 

Mildew,  downy,  grape,  description,  treatment 284  30-32 

powder\',  ^nmii,  description  and  treatment 284  32-33 

Milk,  blended,  directions 281  30 

carbonated,  definition 281  32 

certified,  definition 281  31 

clarified,  definition 281  32 

condensed ,  evaporated,  definition 281  32 

desiccated,  definition 281  32 

evaporated,  definition 281  32 

feed  for  laying  hens 287      .  24 

young  chicks 287  32,  33 

guaranteed,  definition 281  31 

homogenized,  definition 281  32 

modified  or  humanized,  description 281  30 

pasteurized,  definition 281  31 

powder,  definition 281  32 

sanitary,  definition 281  31 

skim,  pit]p  f('(  <liiig,  coiuparison  with  tankage 276  24 

standard,  definition,  requirements 281  29-30 

sterilized,  definition 281  32 

terms,  explanations 281  29-32 

Millet,  German,  use  as  green  manure,  effects 278  19 

Milling  com,  methods 298  11-12 

Milo,  yellow,  adaptability  to  dr>'  regions 288  11 

seed  characteristics 288  8, 10 

various  names 288  8 
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Mississippi,  alfalfa  experiments 276  11 

Missouri,  demonstration  apple  spraying,  commercial  results 283  33 

spraying  for  codling  moth,  results 283  28-31 

Mites,  chicken,  control 287  48 

Molting,  hens,  care  and  feed 287  26 

Moms  alba  tartarica,  description,  uses 276  7 

Moth,  codling.    See  Codling  moth. 

grape  berry,  description,  life  history,  and  control 284  12-16 

Mucuna  u  til  is.    See  Velvet  beans. 

Mulberries,  analysis,  comparison  with  blackberries 276  8 

culture  and  uses 276  6-9 

flavor,  appearance,  use  as  food 276  8-9 

Mulberrv,  Black  English,  adaptability  to  Southern  States,  descrip- 
tion   276  6 

cultivation 276  8 

culture  and  uses 276  6-9 

new  American,  adaptation  to  Northern  States 276  6 

propagation 276  7 

Kussian,  description,  uses 276  7 

varieties,  description,  adaptability 276  6-7 

Mulch  dust,  celerv,  maintenance 282  20 

Mulching  celery. .' 282  18 

Mush,  corn  meal,  making,  uses 298  19, 38 

Mustard,  wild,  eradication 296  10 

Nebraska,  apple  scab  experiments 283  22 

Nematodes,  (lisease  in  seed  beds,  treatment 296  11 

Nests,  chicken  house,  location,  size 287        10, 14, 15 

New  American  mulberry,  adaptation  to  Northern  States,  description.  276  6 

New  Boston,  Texas,  farm,  bollworm  control  experiments 290  23 

'  •  New  Hampsli  ire  "  chicken  house,  description 287  18 

New  Jersey,  alfalfa  experiments 276  11 

peach  growing,  decline 276  5 

New  York,  alfalfa  experiments 276  11 

large  fruit  acreage 293  37 

Nitrate,  soda,  comparison  with  crimson  clover  as  fertilizer 278  23 

oats  fertilizer,  cost  and  profit  per  acre 276  17 

Nitrogen  soil,  loss,  causes 278  11 

sour(^es,  cost 278  10 

yield,  determination,  methods 278  10 

Nitrogen-fixing  bacteria,  legumes,  discovery 278  8 

Nodule  disease,  infested  pastures,  treatment 281  28 

lambs,  control,  bare-lot  method  of  rearing 281  28-29 

Nousaccharine  sorji^iums 288  1-28 

{283  39 

284  46 

Nuts  and  fruit,  dietarv  studies 293  22-24 

I)la(e  in  diet. . .  / 293  25 

Oats,  acreage  and  production  in  (^lumbia  Basin,  1899 294  12 

broadcasting,  comparison  with  furrow  planting 276  16 

culture  in  the  South 276  14-18 

feed  for  laving  hens 287  21 

fertilizer  tests 276  17 

smut,  prevention,  use  of  formalin 276  17 

sowing,  fall  and  spring,  comparison 276  15-16 

methods,  comparison 276  16 

varieties.  Southern  States 276  15 

tests,  ('oin])arative  hardiness  and  yield 276  15 

vield  after  ( \inada  peas  and  barley,  comparison  ...          278  25 

(owpeas ;;V 278  19,20 

red  clover 278  16 

sweet  clover 278  24 

in  rotation  with  Johnson  grass '"  , 279  14 

Ohio,  alfalfa  experiments * " ' -"7*)  11-12 
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Oil,  corn,  manuiactured  from  corn,  composition,  and  uses 298        13, 14,  39 

cotton  seed ,  i n jury  hy  heating  of  seed 286  13 

not  valuable  as  fertilizer 286  5 

value  annual  crop 286  5 

waste  by  use  of  whole  seed  as  fertilizer 286  6,  9, 10 

crude,  engines,  adai)tability,  uses 277  11 

heat  value,  cost 277  7 

mills,  ])rolits,  iillowance  for  cotton  seed 286  6 

Oiling  racks  of  fruit  evaporators 291  29 

Oils,  soluble,  comparison  with  lime-sulphur  wash  for  San  Jose  scale. .  281  17-18 

Oklahoma.  Bermuda  ijrass  for  lawns  or  pastm-e  or  hay 281  10-12 

(■(.tton'l)olhv()rm  injury,  1003-190G *. 290  12-14 

Kalir  corn  and  milo.  acre-age  and  production 288  11-12 

Olives,  mock,  ])i<*kling  unripe  plums,  directions 296  14-16 

pic'kling  directions 296  14-16 

Onions,  composition,  characteristics,  food  use 295  33,  40 

Opunda  spj)..  uses  as  focd 293  12 

Orchard  cover  cro})s,  use  of  legumes 278  13 

Orchards,  cit rus,  California .  Canada  peas  as  green  manure 278  24,  25 

Oregon,  eastern.  Columbia  Basin,  cereal  crops,  1899 294  12 

Oyster  plant.     See  Salsify. 

Oyster-shell  lin:e,  value  and  effects  upon  land 281  7-8 

O'zarks.  orchard  (-(mditions 283  6 

sjna y ing  for  apple  disea.'^es  and  the  codling  moth 283  1-42 

Ozonium,  fungus  causing  root-rot  of  grape,  prevention 284  37 

Package,  evaporated  a])])les,  descrii>tion i 291  35 

Packing  (»ggs  for  market 287  40 

poultiy  for  market 287  39 

sul»surfa<'e,  in  summer  fallow 294  20 

Panirinn  nia.ciniKni.     Sa  (Juinea  grass. 
inoUr.     Sw  Para  grass. 

Para  grass,  liay  and  pasture  yield  ])er  acre 300  14-15 

origin.  })roi)agation.  uses 300  13-15 

Parasites,  graj/e  r( tot-worm 284  10 

Paring  tal)les  and  macliiues,  fruit  evaporation,  description,  capacity.  291  18-19 

Paris  i^ieen.  control  oi  boUworm.  meth(»ds.  (piantitv  per  acre,  results.  290  16-18, 

25-27.31 

use  on  iTiaiie  vines,  directions 284  27 

with  l^ndeaux  mixture  for  codling  moth 283  28,  29,  30.  37 

Parsnips,  composition,  food  use 295  33,  37 

Pasteurized  milk,  detinilion 281  31 

Piusture,  non.'^accharine  sorirhums.  advantages,  danger  from  poison- 
ing  ;.  288  22-23 

Pastures,  value  of  Para  grass 300  15 

Pasturing.  Johnson  grass 279  12,  16 

V;«ci-    'ulture.  <lecline  in  Kastern  .'^tates,  causes 276  5 

crowing,  directi(»ns  for  ])hintinir.  pruning,  and  fertilizing 276  5 

-"-.  number  in  United  States.  1S!H)-H)00 276  5 

\  .oi.. .       pening.  changes  in  fniit 293  20 

*eas,  Taii^ier.     Nm  Tanj^ier  peas. 

( 'anada.  (rrcen-manure.  us" 278  24,  25 

\dlagra.  disease,  (h'scripiion.  cau.^es 298  28 

\'nnsylvania.  ah'alia  experiments 276  12 

'ens.  hog,  (b'-'^cripiion.  directions  for  construction 296  27-29 

Vtroh  o'^  distillates,  names,  values 277  23 

*^"""  •>>fitiis  var.     Ser  Lima  ])eans. 

tijldins,  d(  scrii)tion.  ornamental  vahu' 289  7 

ilijniis.  origin,  us«  s 289  6 

'•...,  ..».,     --ifl.  addition  to  cotton  fertilizer 286  7,9, 10 

V  rtilizer  for  oats,  quantity  per  acre 276  17 

'V-. ai.lv. t-.c   availability,  in  relation  to  .«oil  acidity 296  6 

T.-(.   ' I >le.  fertilizing  value,  effects  oil  different  crops...  281  5-6 

neces.sityof  barnyard  and  green  manures 281  6 

•>bie  ♦' .-^'or'' •'"(!  intrnuios. 281  5-6 
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Phosphoric  acid,  beneficial  effects  Texas  cotton  lands 290  24 

Phosphorus,  poison  for  rats,  directions,  dangers 297  5 

Phi/ltosticta,  cause  of  apple  blotch,  development 283  15-16 

Phylloxera,  resistance  of  American  grape  varieties 284  5 

Picking  ix>ultr>' 287  39 

Pigs,  fattening  after  cattle. 296  21-23 

feeding,  skim  milk  with  corn  meal,  etc.,  comparison  with  tank- 
age   276  24 

tankage  with  corn  meal,  etc.,  compari8<:)n  with  skim 

milk 276  24 

Pip,  chicken,  symptoms,  treatment 287  44 

Piper.  C.  V.,  l)ulletin  on  'Leguminous  cn)ps  for  green  manuring" . .  278  1-27 

Plum  dLseases,  prevention,  soil  sterilization 296  11-13 

Plantation  system  of  diversified  fanning 299  1-14 

Plasmopara  viticola.  fungus  causing  downy  mildew  of  grape,  control.  284  30-32 

Plowing,  early,  with  tillage  f<jr  summer  fallow 294  14-16 

fall,  for  control  of  l)ollworm 290  15,  31 

late,  for  summer  fallow 294  14 

shallow,  remedy  for  Johnson  grass 279        10-12, 16 

Plum.  Japan.     Sec  Loquai. 

PluuLs.  unripe,  pickling  for  mock  olives 296  14-16 

P( )isou.  grasj^hoppers  t)n  celery 282  22 

Poisoning  from  sorghum  pasture,  danger,  treatment 288  23 

rats 297  4-5 

Poisons,  arsenical,  control  of  boUwonn,  methods  and  experiments 290  16-18, 

25-27, 31 

use  against  grape-eating  insects 284       10, 14, 18, 

23,  24,  26 

Polenta  description,  uses 298  20,  23 

rohjrhrosis  bntrana,  distinct  from  American  form  of  grape  \)erTy  moth.  284  12 

rilcana,  d«  scription,  life  history,  and  control '. 284  12-15 

Pomace.  api)le.  feed  for  dairv  cows,  value,  comparison  with  beet 

IMilp *. 280  9 

storing 280  9 

Po})  corn,  comp  »siiion.  f(M)d  value,  uses 298        13, 17, 22 

Pota.sh.  addition  tfM'ot ton  fertilizer 286  7,10 

])each  orchards,  fertilizer 276  5 

Potassium  phosphate.  ust»  in  honey  vinegar 276  28 

sul])hate,  use  in  honey  vinegar 276  28 

P()tat«t  crop  in  diversified  lann  experiment,  net  profit 299  10 

Jai>anese.  comiK>sition.  food  value 295  29 

Zulu.  ftK>d  use  in  .\frica 295  23 

Potatoes  and  other  nM)t  crops  as  fjMxl 295  1-45 

canned,  food  value 295  18 

desiccate<l  or  evai)orated.  composition  and  f(K)d  value 295  17 

digestibility,  experiments 295  21-22 

dried.  (•om|X)sition,  food  value 295  17 

evaj)orated,  j)reparation.  comi)osition,  f<K)d  value 295  17 

historv.  structure  and  comjyosition.  C(X)king  effects,  digest- 
ibility, etc 295  7-23 

judging  for  quality 295  20 

manufactured  products 295  7 

nutrients,  loss  m  cooking 295  14-15 

nutritive  value,  comparison  with  rice 295  13 

place  in  diet 295  22 

pn)ducti()n  an<l  value,  1899 295  7 

raw  and  cooked .  com])ositi« )n,  ojmnarLson  with  white  bread .  295  10 

st<>ra^'e.  effect  on  (|uality.  favorable  temperature 295  18-19 

sweet  and  white,  average  comp«)8ition,  omiparative 295  25 

Si'f  also  Sweet  iX)tatoe4?. 

use  in  starting  yeast 295  17 

white  and  sweet .  im})ortance  in  American  diet 295  5 

vield  after  crimson  clover 278  23 
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Poultry,  bollwonii  destruction 290 

cleanliness,  importance 287 

digestibility,  study 276 

feed,  use  of  sorghum  grain 288 

house,  rats,  poisoning  directions 297 

killing,  dressing,  and  packing 287 

live,  shipping 287 

management 287 

marketing 287 

products,  marketing. 287 

Sec  also  (  hickens:  Duck. 

Powdery  mildew,  grape,  description,  treatment 284 

Power,  sources,  comparative  cost 277 

{283 
284 

Pox,  chicken,  juailtry,  symptoms,  treatment,  prevention 287 

Preserves,  bad  effect  of  light 281 

{287 
296 

Prickly  pear,  uses  as  food 293 

Projaca .  description,  use 298 

Propagation,  flame  cap  in  explosive  mixtures 277 

Protein,  corn,  difference  frtmi  wheat  protein 298 

cost  in  corn  foods 

digestibility  impaired  by  excessive  use  of  fats  and  sugars. .  281 

small  percentage  in  tubers  and  roots,  notes 295    6, 

Prussic  acid  in  bitter  cassava 295 

sorghum  pasture,  cause,  antidote 288 

Pudding,  Indian,  preparation,  composition 298 

Pump,  hand ,  for  spraying 284 

spray,  requirem<mts,  different  styles 283 

Pumps  for  sprayers,  reouiremente .* 284 

Pyrethrum,  use  in  emulsion  for  killing  lice 276 

QuAiNT.\NCE,  A.  L..  and  C.  L.  Shear,  bulletin  on  ''Insect  and  fun- 
gous enemies  of  the  grape,  east  of  the  Rocky 

Slountains  " 284 

\V.  M.  Scott,  bulletin  on  ''Spraying  for  ap- 
l)lc  diseases,  etc.,  in  the  Ozarks" 283 

Quinlan.  1  ex. ,  farm.  Ixillworm  control  experiments 290 

Racks.  eva]V)rator.  oiling 291 

fruit  evaporation 291 

Radislies,  composition,  food  use 295 

Rat.  brown,  intr(Klu('ti«'n.  life  liistory.  habits 291 

Norway,  intrruluction,  life  history,  habits 297 

Rations,  dairy  cows  on  profitable  farm 280 

Rat-j)roof  buildings,  construction 297 

Rats,  destructiiin  l)v  ferrets  and  dogs 297 

mVthods 297 

disease  conveyance 297 

in  poultry-  liouses.  poisoning,  directions 297 

natural  erienii<^s  among  birds  and  mammals 297 

jMiisoning,  directions 297 

trapj>i!ig,  directions 297 

Red  cliafl  wlieat.  description,  milling  cpialities 294 

Russian  wheal,  qualities 294 

Ret'trt  vaporizer.  des(Tij)(ion 277 

Rice,  nutritive  value,  comparison  witli  potatoes 295 

Jiichardsotiui  scabrn.     See  Clover.  Mexican. 

Rij)eness.  necessity  in  fruit  and  vegetables  for  canning 281 

Ripe  rot.  grape,  description,  control 284 

Rivers,  sediment  value,  estimate 281 

R< )asters,  rearing  for  market 287 

R  )jik,  Turkish  preparation,  food  value 293 

Roller  for  subsurface  packing 294 


30 

42 
26-27 

25 

5 

38-39 

39 

1-48 

38-11 

38-11 

32-33 

6 

38 

41-44 

46 

22 

41-42 

29-31 

12 

18 

20-22 

17,38 
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Rolling  seed  for  separation,  apparatus 285  6-8 

Roof,  chicken  house,  different  styles 287  8 

Roosts,  chicken  house,  arrangement 287  10, 14, 16, 16 

Root  crops  as  food 295  1-46 

Root-rot,  grape,  causes,  prevention 284  37 

Roots,  food,  water  content,  low  percentage  of  protein,  notes 295  29-40 

succulent,  composition,  comparison  with  potatoes,  table 295  33 

usecl  as  food 295  32-41 

tropical  starch-bearing,  food  use,  composition 295  29-32 

used  as  condiments 295  41-42 

Rootetocks,  Johnson  grass,  habits,  t>^es  of  development 279  6-10 

Root-worm,  grape,  distribution,  description,  life  history,  treatment . .  284  6-12 

Rose-chafer,  description,  life  history,  and  treatment 284  24-26 

injury  to  grapes 284  24 

Roselle,  use  as  kK)d,  description 1 .  293  13 

Rot,  bitter.     See  Bitter-rot. 
black.     See  Black-rot. 

brown,  grape,  description,  treatment 283  30-32 

CTay,  grape,  description,  treatment 284  30-32 

heart,  celery,  cause,  prevention 282  22 

ripe,  grape,  description,  control 284  35-36 

root.  grai>e,  causes,  prevention 284  37 

white,  grape,  description,  control 284  36 

Rotation,  crimson  clover  and  cowpeas,  for  poor  lands 278  23 

Johnwn  grass  with  grain  and  plowed  crops 279  14-16 

Roup,  chicken,  symptoms,  treatment 287  43 

Russian  mulberry,  (lescription,  uses 270  7 

vetch  value  as  green  manure,  cold  localities 278  26 

Rye  acreage  and  production  in  Columbia  Basin.  1899 294  12 

feed  for  la>ang  hens 287  21 

Salmon  digestibility  coefficients 270  27 

Salsify,  black.  comp<jsition,  food  use 295  33, 38 

C()mi)<)sit  ion.  food  use.  varieties 295  33, 38 

Spanish.  f(X)d  use 295  38 

Salt ,  lambs   stomach  worms,  use ' 281  29 

preserving  eggs 287  42 

River  sediment .  amount  to  acre-foot  of  water 281  8 

solution  for  bleaching  apples 293  10 

use  as  ivri ilizer  f( •r  celer>' 282  10 

"  Samp.  desrrii)iinii,  composition,  use 298  12, 13, 19, 38 

San  .losH  scale,  spraying  with  soluble  oils,  compariscm  with   lime-  ¥^ 

sulpliur  waph 281  17-18 

SapodiUa.  usf  as  food,  description 293  13 

Sassafras  sj^muts.  killing  with  carbon  bisulphid 281  16-17 

Sawdust,  bedding  for  cows,  value,  advantages 280  14 

Scab,  apple,  description,  cause,  and  treatment 283  20-23 

Scale,  cottony  majue,  contnJ 296  20 

San  JoW\  sj)raying  with  soluble  oils 281  17-18 

Scaly  k'<rs,  chicken,  cause,  treatment 287  45 

Scarlet  runner  beans,  description,  ornamental  value 289  7 

ScheeleV  givtMi,  use  in  apple  spraying 283  37 

on  grape  vines 284  27 

ScoJym na  hi.^pnri ictis,  food  use 295  38 

Scorzonrra  hi:<pun im.  food  use 295  38 

Scott.  W.  M.,  and  A.  L.  QrAiNTANCE,  bulletin  on  **Spra>'ingfor  ap- 

l)le  diseases,  etc,  in  the  Ozarks" 283  1-42 

Sea  lslan<l  <  i.Uon  seed,  description 285  16 

pure  and  hybrid,  di^^tinction 285  16 

separation,  germination  test ..." 285  14-16 

Sediment ,  irrigat ion,  harmful,  method  of  handling 281  9 

water,  fertilizing  value 281  8-10 

river,  fertilizing  constituents 281  8 
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Seed,  alfalfa,  adulleration 2% 

auaniiiy  per  acre 276 

beans,  cleaning  and  grading 289 

lield  and  garden,  quantity  per  acre 289 

beds.  lornialin  treatment  for  disease  prevention 296 

beggarweed.  saving,  and  quantity  per  acre 300 

bluegrass.  adulteration * 296 

celery,  selection 282 

sowing,  early  and  late  crops 282 

clover,  crimson,  ([uantity  per  aere 278 

sweet ,  quantity  per  acre 278 

cotton,  germination  tests  of  different  weights 285 

heating,  injury  to  oil  content 286 

heavA'.  advantage  of  planting 285 

iini»rove<L  use  in  boll  worm  control 290 

preservation 286 

profit  tu  growers  by  disposing  of,  in  exchange  for  meal.  286 

value  annual  croj) 286 

in  fertilizing  cotton,  comparison  with  cotton-seed 

meal  . . .  / 286 

weight .  tests  after  separation 285 

yield  tests  before  and  after  separation 285 

Dura,  (juant ity  per  acre 288 

heavy  rs.  light,  vahie 285 

Katir  corn,  color,  tiuie  of  ripening 288 

(juantity  i)er  a'Te 288 

n()n.<uccharine  sorj:liunis.  chara«teristics 288 

pure  ts.  p(K)r,  comparison  of  cost  i)er  acre 296 

J^ea  Island  cotton.  sej»aration 285 

selection  for  disease-resistant  clover 296 

iniproveuient  of  sorghums 288 


sejjuratioii  metlnMl,  description 

Tpland  cotton.  prei)aralion  for  .reparation 

velvet  bean,  gatnering.  and  (quantity  per  acre 

Seedless  ton;atoes.  j^roductinn 

Seeds,  co.st  per  acre,  standard  and  }»oor  alfalfa  and  grass 

Selection,  seed,  for  diseiL-^e-resistant  clover 

Separation,  cotton  seed.  metlKKl,  (k\s<riplion 

})reparati(»n  of  l'j)land  see<i 

♦Separator,  cotton  .'^ee'i.  description 

Setting  hens,  directions 

Shade  trcM\s.  insect  enemies,  combating 

varietie.*'  immune  from  i!i.<ect  j>ests 

Shallot,  food  u.<e 

"^HEAii.  r.  b..  and  A.  L.  Qiaintaxce.  l>ulletin  on  "Insect  and  fun- 
gous enemies  oi  the  grape  east  of  the  Rocky  Mountains" 

<^u^,^^      dfaha  j)ast  ure.  danger  o!  l>loat ' 

'"d.  us4*  oi  Kafir  ct>rn 

^i.,  .vv  .    M     >^,  Kn.-sian  niulberry 

;>i4i)pj,u     ^  ,.ry  I,,  market 

rnit.  iniprovcd  methotis.  inc  n^a.^ed  su])ply 


w.,  iS.  size.  r<*iaiioii  to  cist 

•orgliun:.^.  value 

,    ,»""-'ii.  description,  relation  to  cost  of  work 

"''":       .1  :U  iarms.  e(juipmcnt.  labor,  co>t  per  ton.  ta))le . 

•'bor.  co>i ,  arraiiL'cment 

uethods.... ' 

^iii^'.,     t,,j»  farminsi.  injurious  residts.  di.«^cus,rion 

system  of  farming,  permanency,  discussion 

"^kim  milk.  piu:s  f<'eding.  comparison  with  tankage 

*"icing.  fruit,  machines 

•  icker,  for  summer  lilhiixc.  ile.«<crij)tion  and  use 

•--..lit   irr-^ip    of  Horghui'^    prevention 

^"•w      )f  sorgh"'^      ^-evention  b^    ..'o/t  ct^lection 

■  ft     -f  .♦"  ''/>fTn>ilii 
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Soda,  nitrate,  comparison  with  crimson  clover  as  fertilizer 278  23 

oats,  fertilizer,  cost  and  profit  per  acre 276  17 

Sodium  phosphate,  use  in  honey  vinegar 276  28 

Soil  acidity,  green  manures,  correction  by  use  of  lime 278  14 

relation  to  availability  of  phosphates 296  6 

test,  litmus  paper 296  6 

celer>^  blanching 282  26 

requirements 282  9 

inoculation,  alfalfa,  methods,  comparison 276  13 

leguminous  crops,  methods 278  9 

with  sweet  clover  sod  for  alfalfa  crop 280  11 

nitrogen  loss,  causes 278  11 

sources,  cast 278  10 

preparation  for  Bermuda  grass  propagation 281  12 

celery 282  11 

sorghum 288  14 

Soiling  crop,  succotash 276  20-21 

sorghums,  value 288  23 

value  of  Guinea  grass 300  13 

Soils.  Columbia  Basin,  origin  and  composition 294  11 

field  beans.  adai)tability  and  preparation 289  10-11 

sterilization  for  prevention  of  plant  diseases 296  11-13 

Solanin,  poison  constituent  of  potatoes 295  19,  20, 44 

Solaniim  tubfiosinn.  food  use  in  Africa 295  23 

Sorghum  erain,  food  for  man  and  stock 288  23-25 

land  preparation 288  14 

stubble,  plowing  under 288  13 

yield  after  cowpeas 278  19,  22 

velvet  l)ean8 278  22 

Sorghums,  alkali  resistance 288  13 

classification  and  groups 288  7-9 

cultivation,  harvesting,  thrashing,  and  jields 288  16-20 

effect  on  lan<l.  remedy 288  13,  28 

fodder  and  hav,  feeding  value 288  21 

nunsaccharine* 288  1-28 

diseases  and  injurious  insects,  control 288  26 

drought  resistance 288  12 

feeding  value,  comparison  to  corn 288  25 

improvement  by  see<l  selection 288  27 

pasture,   a«  I  vantages,     and    danger    from 

poisoning 288  22-23 

sections  where  valuable 288  11 

planting  methods 288  16 

silage  and  st)iling 288  23 

soils,  a<la})tabilit y 288  12 

Southern  States,  oats  culture 276  14-18 

Soy  beans,  com])ari.^on  with  cowpeas 278  20 

comi)osition.  fertilizing  materials  in  100  pounds 278  12 

locality,  uses,  value 289  7 

value  as  green  manure,  effects  on  succeeding  crops 278  20 

with  or  without  tubercles,  nitrogen  yield 278  11 

Sphaahma  anipflinuui.  fungus  causing  grape  anthracnose.  control. .  284  34-35 

Sphiiropsis  vialoruin.  found  in  leaf-snot  <liseases  of  apple 283  19 

Spillmax.  \V.  J.,  and  J.  S.  Cates.  bulletin  on  "  Method  of  eradicating 

Johnson  grass  " 279  1-16 

Spray  application,  directions 283  40 

application.s.  scliedule  for  apple  orchards 283  41-42 

mixtures,  application,  directions 284  46-48 

f283  38 

Spraying  apjiaratus.  description <  .,04  41-45 

a])ple  bitter-rot.  demonstration  iu  Arkansas,  and  results..  283  10-13 

])lot<li,  demonstration.  Arkansas 283  17-18 

(listnises  and  codling  moth  in  the  Ozarka 283  1-42 

orcliards  in  the  Ozarks,  plaii  of  work 283  7 

equipment  for  apple  orchards 283  38-39 

materials,  apple  orchards 283  34- 
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Spraying  preparations,  nonstaining 284  4(M1 

results  dependent  upon  proper  preparation  and  use  of 

sprays 283  5 

San  Jose  scale  with  soluble  oils 281  17-18 

times  of  application 283  7 

Sprays,  injury  to  foliage 283  41-42 

Spring  crops,  tillage  importance  of  settling  and  packing  soil 294  21-22 

Sprinklers,  celery,  systems 282  15 

Sprout  management  of  wood  lot 276  30 

Stables,  ventilation,  experiments 296  25-27 

Stachys,  composition,  food  value,  names 295  29 

mboldi  names,  composition,  food  use 295  29 

Standard  milk,  definition,  requirements 281  29-30 

Starch,  corn,  composition,  uses 298        13, 14, 39 

potato,  manufacture 296  7 

sugar.     Sfc  Glucose. 

Starch-bearing  roots,  tropical,  food  use.  composition 295  29-32 

Steam  engines,  adaptability 277  10 

plants,  thermal  efliciency 277  8-9 

sterilization  of  seed  beds 296  13 

Sterilization,  soils,  for  prevention  of  plant  diseases 296  11-13 

Sterilized  milk,  definition 281  32 

Storage,  cold.     Sec  Cold  storage 

potatoes,  effect  on  quality,  favorable  temperature 295  18-19 

sweet  potat<K?s,  effect  on  quality 295  26 

Storing  canned  fruits  and  vegetables 281  22-24 

celerv,  methods 282  28-31 

fruit,  effect  on  quality : 293  34 

preserves,  directions 281  22-24 

Stover,  nonsaccharinc  sorghums,  feeding  value  and  use 288  21 

Straw,  wheat,  yield  after  (.'anada  peas 278  25 

Strawberries,  quantity  grown,  1899 293  37 

Stryclinine,  poison  lor  rats,  apj>lication  directions 297  4 

Stubble,  burning,  injury  to  soil 294  28 

rowpeas,  effect  as  green  manure 278        18,  20,  21 

sorghum,  plowing  under 288  13 

soy  beans,  effect  as  green  manure 278        18,  20,  21 

velvet  ])ean.  effect  as  green  manure 278  21 

Stub])S  niun)errv,  (lesrri]>tion 276  7 

Subirrigation.  celery ' 282  16 

Succotash,  mixtures  for  u.'^e  as  soiling  crop 276  20-21 

origin,  food  value,  cannecl.  composition 298  35-37 

soiling  cro]).  culture,  and  value 276  20-21 

Sugar  beans.     Sir  Lima  ])oans. 

Sugars,  fruit,  kinds  and  quantity 293  17 

Sujuk,  Tnrkisli  prei)aration.  fo(»l  value 293  19 

S"    ^^^u^     lowers,  use  on  ])ow(icry  mildew 284  33 

ruit  evaporation,  use  in  bleaching,  restrictions,  etc 291  19-22,33-34 

"»'i^ation  of  chicken  liouses 287  48 

vwves.  fruit  eva])(»ra(ion 291  22 

^UI'•.WI.    acid,  use  on  grajK- antliracnose 284  33 

5ulf      1- -w  ixiJ  evap(»rat«Ml  fruits,  laws.  Tnited  States  and  foreign..  291  33-34 

"^"'                 <"        'Mined  and  dried,  food  value 295  27 

.»nj|n)siii<.n  and  nutritive  value 295  25-27 

(i<;estibility  and  ])lac('  in  diet 295  27 

•♦'♦'"cts  of  .Niorat:e  and  cooking 295  26 

f)orat<'(l  inid  <lesi<cated.  food  value 295  27 

..  ,.eral  u.^es.  stock  feed,  starch,  etc 295  27 

origin.  varieti<'s.  cliaracteristics 295  23-24 

,-•1'   •♦■♦—-' •     -i-v^-r 278  23 

«— ^              ..jM    ..     ..o.-                             298  20 

r-nncrw.r  T  -          alifoniia  u.m.-      ield,  auu  value  for  weedy  land 278  27 

ni.w    .o.r.,..n    ...,nn      -.rMiav 278  27 
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Taniers,  description,  composition,  food  use 295 

Tank  outfits  for  orchard  spraying 283 

vineyard  spraying 284 

Tankage,  hog-feeding  experiments 276 

Tarnished  plant  bug,  description,  control 282 

Taro,  varieties,  composition,  food  use  and  digestibility 295 

Taye,  description,  composition,  food  use. 295 

Tenant  dairy  farm,  profitable,  details 280 

farming,  credit  system,  injurious  effects 299 

Testing  eggs  for  hatching 287 

market 287 

preserved  in  water-glass 296 

Tests,  separated  cotton  seed,  germination  and  weight 285 

Texas,  cotton  bollworm  injury,  1903-1906 290 

crop,  1903-1906 290 

Kafir  corn  and  milo  acreage  and  production 288 

soils,  need  of  fertilizers,  notes 290 

Thermal  efficiency  of  engines,  relation  to  cost  of  fuel 277 

units,  measurements,  cost,  different  fuels 277 

Thinning  timber  in  woodlot,  directions 276 

Thrashing  beans,  description  of  machine 289 

sorghum 288 

Tier,  leaf  celery,  injury  and  control 282 

Tiles,  drain,  celery  blanching 282 

Timber,  thinning  in  woodlot,  directions 276 

Tobacco  lands,  Connecticut,  hair>'  vetch  as  cover  crop 278 

Tomatoes,  seedless,  production.  /. 296 

Tower  evaporators,  description 291 

Townsend  mulberry,  description 276 

Tracy,  S.  M.,  bulletin  on  "  Some  important  grasses  and  forage  plants 

for  the  Gulf  Coast  region  " 300 

Tragopogon  porrifolivs,  food  use 295 

Transplanting  celery 282 

Trap  crops  for  control  of  bollworm,  methods,  experiments,  and  re- 
sults   290  li 

Trapping  rats,  directions 297 

Traps,  rat,  description,  directions  for  baiting 297 

Trays,  fruit  evaporation : . .   291 

Trees,  sluulo,  insect  enemies,  combating 296 

Trenching  celery,  directions 282 

Tropical  starch-bearing  r(.K)ts,  food  use,  composition 295 

Tubercles,  legumes,  mode  of  securing  nitrogen  from  air 278 

Tubers,  food,  water  content,  low  percentage  of  protein 295    ( 

succulent,  used  as  food 295 

Turkey  Red  wheat  description,  advantages  and  disadvantages 294 

Turnipv'^,  composition,  food  use 295 

Typhloiyba  cmins.  description,  life  history  and  control 284 

Uru  inula  rucator,  fungus  causing  powdery  mildew  of  grape,  control. .  284 

Unripe  fruit,  digestibility  studies * 293 

Uplands.  Colunil>ia  Basin,  farm  practice 294 

Vai)orizors.  various  deviies.  description 277 

Vegetables,  canned,  storing 281 

composition,  <omparison  with  green  corn 298 

feed  for  la>ing  hens 287 

Velvet  heans,  composition,  fertilizing  materials  in  100  pounds 278 

cultivati(>n  and  >'ield 300 

green  manure  for  corn  land 281 

locality,  uses 289 

seed,  gathering,  quantity  per  acre 300 

value  for  forage  and  rotation  crop 300 

grazing  hogs  and  cattle 300 

green  manure,  comparison  with  cowpeas  . . .  278 
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Ventilation,  chicken  house 287        11, 13, 14 

8ta])le,  experiments 296  25-27 

Venturia  inxqualis,  cause  of  apple  scab 283  21 

Verjuice,  description,  use  as  condiment 293  19 

Vermont,  alfalfa  experiments 276  12 

Vertigo,  chicken,  symptoms,  treatment 287  43 

Vetch,  common,  value  as  green  manure,  objections 278  26 

compositi(m,  fertilizing  material  in  100  pounds 278  12 

hairy,  cover  crop  for  Connecticut  tobacco  lands 278  26 

value  as  green  manure,  cold  localities 278  26 

Russian,  value  as  green  manure,  cold  localities _ 278  26 

Vibrissea  hypogxa.  fungus  causing  root  rot  of  grape,  prevention 284  37 

Vicia  faba.  locality  and  uses 289  6 

Vigna  sinensis.     See  Cowpeas. 

Vinegar,  honey,  making,  directions 276  28-29 

sources,  use  and  value  as  food 293  19 

Vineyard  cultivation  for  control  of  injurious  insects 284        11,  21,  26 

spraying,  directions  and  outfits 284  38-48 

See  also  Grapes. 

Virginia,  alfalfa  experiments 276  13 

Vitis  vinl/era.  susceptibility  to  attacks  of  phylloxera 284  5 

Wagons,  silage  hauling 292  12-13 

Walla  Walla  Valley.     See  Columl)ia  Basin. 

Walls,  chicken  hoLi.se,  foundation  and  sides 287     8,  10,  15,  17 

Warbuhton.  C.  W.,  ))ulletin  on  " The  nonsarcharine  sorghums" 288  1-28 

Washington,  eastern,  Columbia  Basin,  cereal  crt)ps.  1899 294  12 

wheat,  average  yield.  liMHi 294  29 

Wasp.-i!,  bolhvorm  destruction 29  30,  32 

Waste,  evaporated  apples,  use 291  32 

Water,  absorption  by  cereals 298  16 

irrigation,  sediment,  fertilizing  value 281  8-10 

pipes,  lead,  injury  by  rats 297  3 

pure,  supply,  care  of  wells 296  5 

requireaients,  celerv.  metho<ls  of  applying 282  14-17 

of  laying  hens * 287  24 

supply  f.»r  mixing  Bordeaux  mixture 283  36 

{287  41 

296  *>t>-31 

Watermelon  crop,  in  di  ver*<iti(Ml  farm  experiments,  net  profit 299  10 

Webber.  Herbert  J.,  and    E.   B.  Boykin.  bulletin  (m  ''Advan- 
tage of  planting  heavy  cotton  seed" 285  1-16 

Weeds  eradication  with  inai  sulphate  (copperas)  solution 296  10 

Weevil,  bean,  destructiveness  in  southern  latitudes 289  28 

Wells,  construction  and  protection  to  insure  pure  water  supply 2%  5 

Whale-oil  soap,  use  on  grai>e-vines.  directions 284  21,  28 

•A'lwv.i   icreage  and  })nHiucti">n  in  ('(»lumbia  r>asin.  1S99 294  12 

-':'-  i'^d.  horse  feed,  injurious  (effects 294  27 

{281  21 

2Q8  ^i 

..w.^iS,  advantages  over  corn  l)rea<ls 298  17,40 

ro]).  acreage  and  value.  lHOo 281  19 

eed  for  laying  hens 287  21 

'•   ir  coinp(isiiiun.  c(.niparis  .n  with  cr)rn  pn ducts 281  19 

iicties  grown.  Columbia  Ikisin 294         22-27,30 

r.Ll  oft.T  KuckwlnMt 278  25 

••  '>ada  peas 278  25 

'»  peas 278  18 

'» - 278  25 

>M.    ion  of  criinson  (lover  and  cowj^eas 278  23 

el  vet  beans 278  21 

.V.  varietal  names. 

^U(-  i-..ng  varieties.  ('(►bini})ia  Basin,  des(  ription 294         23-25,30 

•,.to     vir^'M-   '\>i.in»K'.j  r  .win    description 294         25-27,30 


